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ON  BACTERIAL  PROCESSES  IN  THE  INTESTINAL  TRACT  IN 

SOME  OASES  OF  ADVANCED  ANJEMIA,WITH  ESPECIAL 

REFERENCE  TO  INFECTION  WITH  B.  AEROGENES 

CAPSULATUS  (B.  WELCHH). 

By  C.  a.  HERTER. 
(Received  for  publication  May  lo,  1906.) 

I  have  thought  it  worth  while  to  bring  together  here  a  ntimber 
of  observations  relating  to  bacterial  processes  in  the  intestinal 
tracts  of  persons  suffering  from  severe  forms  of  anaemia,  in  the 
belief  that  they  aflEord  a  clue  to  the  etiology  of  many  cases  of 
advanced  blood  disease  that  are  ordinarily  described  as  "pri- 
mary." Most  of  the  instances  which  form  the  basis  of  this 
study  have  given  the  blood-picture  of  so-called  idiopathic, 
pernicious  anaemia. 

The  observations  relate  especially  to  seventeen  cases  of  anae- 
mia. Of  these  nine  showed  those  changes  in  the  morphology  of 
the  red  cells  (including  the  presence  of  megaloblastic  forms) 
which  are  regarded  as  most  characteristic  of  primary  pernicious 
anaemia  (Cases  I,  III,  V,  VII.  VIII,  X,  XII,  XIII,  XVII).  In  four 
other  cases  (Cases  II,  IV,  VI,  and  IX)  the  diagnosis  of  pernicious 
anaemia  was  made  but  appears  less  certain  as  megaloblasts  were 
not  seen.  Of  the  remaining  four  cases  one  is  an  adult  from  whose 
history  and  blood-picture  a  distinguished  consultant  leaned  to 
the  diagnosis  of  pernicious  anaemia,  while  another  practitioner, 
upon  the  same  evidence,  suspected  that  he  was  dealing  with  an 
anaemia  secondary  to  gastric  carcinoma  (XV) .  Another  case  is  one 
of  severe  anaemia  which  was  regarded  as  secondary,  but  for  which 
no  explanation  could  be  found  at  autopsy  (Case  XI).  Another 
case  is  that  of  a  young  child  in  the  care  of  Dr.  Holt,  whose  history 
is  especially  instructive  as  showing  the  rapidity  of  the  process 
of  blood  r^eneration  upon  the  subsidence  of  a  subacute  intestinal 
process  to  which  the  anaemia  was  apparently  secondary  (Case 

XVI).    The  remaining  case  (XIV)  occurred  in  a  child  of  three 
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years  of  age  and  is  probably  a  splenic  anaemia,  secondary  to 
some  unknown  infection.  I  feel  especially  indebted  to  Drs. 
Spalding,  James,  Thatcher,  and  Loomis  for  placing  at  my  disposal 
the  opportunities  for  studying  the  greater  number  of  the  patients 
and  for  furnishing  me  with  the  clinical  notes.  Dr.  Fred.  Shattuck 
of  Boston  has  placed  me  under  obligations  for  his  reports  on 
Case  XII. 

It  is  a  fact  well  recognized  by  those  who  have  studied  con- 
siderable ntmibers  of  patients  with  pernicious  anaemia,  that  these 
persons  are  liable  to  pronounced  derangements  of  digestion,  such 
as  diarrhoea.  Among  the  cases  collected  here,  diarrhoea  was 
a  frequent  occiurence.  It  was  noted  also  that  even  where 
diarrhoea  was  absent,  the  feces  were  not  well  formed  but  were 
usually  of  a  semi-solid,  tarry  consistence.  And  it  is  worthy  of 
mention  that  among  the  many  specimens  which  were  sent  to 
the  laboratory  from  persons  with  pernicious  anaemia,  since  the 
beginning  of  the  present  study,  there  were  very  few  instances 
in  which  the  stools  have  been  well  formed  and  of  firm  con- 
sistence throughout  or  in  large  part. 

Routine  microscopical  examinations  of  the  stools  were  made 
by  Dr.  W.  R.  Williams  with  reference  to  ^he  presence  of  meat 
fibres,  v^etable  residue,   starch,   ^  *dtes,   free  fat,   fatty 

acids,  and  soaps.  Unfortunately  the  examinations  were  not 
made  with  a  suflBciently  full  knowledge  of  the  nature  of  the 
diet  in  each  case  to  make  it  safe  to  form  a  generalization  with 
reference  to  the  features  mentioned.  It  was  noticed  that  meat 
fibres  and  v^etable  residue  were  very  abundant  in  some  in- 
stances, but  the  significance  of  these  facts  is  uncertain,  partly 
because  the  dietetic  conditions  are  not  known  in  detail,  partly 
because  the  habits  of  the  patients  with  respect  to  mastication 
were  not  recorded.  An  excessive  amoi)xit  of  muctis  was  noted 
in  Cases  X,  XI,  and  XII.  In  Case  X^~  kts  presence  was  a  regular 
feature. 

JOccurrence  of  Phenol,  Indol,  and  Skaiol  in  the  Feces  and  of  their 
,.  Derivatives  in  the  Urine. 

In  the  present  study  considerable  attention  was  given  to 
the  amounts  of  the  aromatic  cleavage  products,  indol,  skatol, 
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and  phenol  in  the  feces  and  to  their  derivatives  in  the  tirine. 
These  bodies,  as  is  well  known,  are  common  accompaniments 
of  putrefactive  decomposition  in  the  intestine,  and  it  seemed 
desirable  to  learn  whether  in  severe  anaemic  states,  not  secondary 
to  obvious  pathological  processes,  there  is  anything  noteworthy 
as  to  their  production. 

It  is  possible  to  dismiss  in  a  few  words  the  observations  that 
relate  to  phenol,  or,  more  correctly,  to  phenolic  substances — 
phenol  and  paracresol  not  being  distinguished  from  each  other 
by  the  method  of  determination  employed.^  In  the  following 
list  of  cases  the  phenol  values  are  expressed  in  milligrams  per 
hundred  grams  of  feces. 


No.  of  Case 

Phenol  in  Mgms.  per  xoo  Gms.  Feces 

I 

2.2;  3.6, 

II 

14.4;  15.1; 12.8. 

V 

7.7. 

M 

6.6;  6.8. 

VII 

12.9. 

VIII 

5.2;  13.1. 

X 

13.2;  4.1. 

XII 

10.;  5.7;  12.7;  9.0;  19.5;  11.4;  4.9;  2.2. 

XIII 

.  *    e  .»^  . 

XIV 

/9. 

XV 

g'.4;4.6;11.2 

XVII 

2  5. 

The  phenol  content  of  normal  feces  varies  within  wide  limits 
and  even  in  the  case  of  prestmiably  normal  children  and  adole- 
scents, with  no  indications  of  digestive  disorder,  may  amount 
to  12  milligrams  in  loo  grams  of  fresh  material.  It  is  difficult  to 
fix  the  normal  limits  for  phenol  but  it  is  clear  that  in  our  cases  of 
anaemia  there  are  none..^^  which  the  phenol  content  of  the  feces 
was  strikingly  or  persistcxitly  above  the  normal.  In  Case  XII, 
19.5  milligrams  were  found  on  one  occasion  but  this  was  evidently 
an  exceptionally  high  value.  The  largest  quantities  we  have 
found  were  observed  in  the  case  of  a  child  of  eight  years  who 
was  slowly  convalescing  from  chronic  intestinal  indigestion  of 

1  Kossel  and  Penny. 
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such  severity  as  to  retard  growth  and  in  whom  a  moderate  de- 
gree of  anaemia  (haemoglobin,  65  per  cent.)  had  developed. 
Other  children  suffering  from  similar  clinical  manifestations  have 
given  tmcommonly  high  results.^ 

In  a  number  of  instances  observations  were  made  on  the 
phenol  of  the  urine,  but  there  are  only  a  small  number  of  quanti- 
tative determinations.  In  a  large  number  of  cases  the  distillate 
from  the  urine  was  tested  with  Millon's  reagent,  the  color  re- 
action being  described  as  slight,  moderate,  or  strong.  Many 
times  the  urine  was  tested  directly  in  the  cold  with  Millon's 
reagent.  If  the  urine  contains  considerable  phenol  potas- 
sium sulphate,  this  salt  is  hydrolyzed  under  these  circum- 
stances and  the  liberated  phenol  reacts  in  a  characteristic 
way. 

In  Case  I  the  phenol  reached  85  milligrams  on  one  occasion, 
61  on  another,  and  27.5  on  a  third,  the  results  being  calculated 
for  twenty-four  hours;  in  Case  II  it  was  very  strong,  on  one 
occasion  reaching  82.9;  in  Case  XII  it  was  strong  on  two  occa- 
sions (on  one  of  these  56.42  milligrams  in  twenty-four  hours  or 
36.4  milligrams  in  500  c.c.  of  urine)  but  was  subsequently  mod- 
erate or  slight  on  three  occasions.  In  Case  X  eight  examinations 
were  made.  On  three  occasions  the  distillate  was  negative, 
twice  it  gave  a  slight  reaction,  once  a  moderate  reaction,  and  twice 
a  strong  one.  In  Case  XIV  (in  which  the  diagnosis  of  pernicious 
anaemia  was  extremely  doubtful)  there  were  two  negative 
examinations.  In  Case  XV  the  reaction  was  very  strong, 
reaching  96  milligrams  in  twenty-four  hours  on  one  occasion 
and  130  milligrams  on  another. 

Summarizing  the  observations  with  respect  to  phenol  it  may 
be  said  that  the  phenol  values  for  the  feces  have  in  general  not 
been  remarkably  high,  but  that  the  phenol  output  in  the  urine 
has  in  a  majority  of  instances  been  greater  than  normal. 
The  urine  in  most  of  the  cases  exhibited  a  strong  phenol  reaction 
(Cases  I,  II,  IV,  VII,  and  IX)  but  in  Cases  X  and  XII  the  phenol 
excretion  cannot  be  said  to  have  ruled  high,  although  these  were 
well  defined  examples  of  pernicious  anaemia  with  evidence  of 

>A  special  report  will  be  made  on  the  bacteriological  and  chemical 
conditions  in  cases  of  this  type. 
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persistent  disorders  of  intestinal  digestion.  In  two  of  the  five 
cases  in  which  the  phenol  reaction  from  the  urine  was  strong  it 
was  exceptionally  intense  and  in  all  of  these  cases  was  stiffi- 
ciently  pronounced  to  point  to  excessive  intestinal  putre- 
faction. Comparing  the  phenol  reaction  in  these  cases  with  those 
obtained  from  normal  children  and  young  adults  living  under 
hygienic  conditions,  the  reactions  must  be  regarded  as  excessive, 
but  they  were  less  marked  than  in  many  cases  of  chronic  intes- 
tinal indigestion  in  children  and  adults,  excepting  Cases  I,  II, 
and  XV,  in  which  the  values  were  very  high. 

The  observations  relating  to  the  indol  of  the  feces  and  to  the 
indican  of  the  urine  are  more  numerous  than  those  having  to  do 
with  phenol.  They  are  also  of  greater  significance  for  the  reason 
that  while  the  urine  is  never  free  from  phenolic  derivatives, 
even  in  health,  it  is  often  quite  free  from  indican.  Indeed  an  ex- 
amination of  many  urines  from  children  and  adolescents  in  good 
health,  and  on  a  hygienic,  mixed  diet,  makes  me  believe  that 
anything  more  than  a  trace  of  indican  in  the  urine  indicates  a 
departure  from  ideal '  conditions  of  intestinal  digestion.  The 
formation  of  putrefactive  products  in  the  intestine  and  their 
excretion  by  the  urine  is  in  such  small  quantities,  in  the  cases 
to  which  reference  is  made,  that  one  cannot  avoid  the  conviction 
that  normal  digestion  is  associated  with  only  slight  putrefactive 
decomposition,  despite  the  sojourn  of  very  large  numbers  of 
living  bacteria  in  the  large  intestine. 

The  indol  content  of  the  feces  was  measured  by  means  of  the 
naphthaquinone-sodium-monosulphonate  method^  and  is  in  some 
instances  expressed  in  milligrams.  The  indican  of  the  urine 
was  not  quantitatively  determined  but  was  roughly  gauged  by 
the  Obermeyer  reaction.  A  point  to  which  some  attention  was 
given  is  the  relation  between  the  intensity  of  the  indican  reaction 
and  the  quantity  of  indol  recovered  from  the  feces.  No  definite 
proportionality  between  these  was  noted;  indeed,  in  a  number 
of  instances  results  were  obtained  which  appeared  to  negative 
any  close  relationship  between  them. 

The  results  obtained  are  recorded  in  the  following  table: 

> Herter  and  Foster,  "A  Method  for  the  Quantitative  Determination  of 
Indol,"  This  Journal,  i,  p.  257,  1906. 
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No.  of 
Case 

Date 

Quantity  of  Indol 

in  xoo  Grams  of 

Feces 

Indican  Reaction  of 
Urine 

Pxirthcr  Data 

I 

Mar.  23.  '06 
Mar.  30,  '06 

Trace 

Very  strong 
Negative 

Feces  unformed 

II 

Mar.  21,  '06 
Mar.  28.  '06 

Negative 

Strong 
Trace 

Feces  formed  but 
soft 

III 

Mar.  21/06 
Apr.  30,  '06 

Moderate 
[0.64  mg.] 

Negative 

Negative 

Strong;  deep 
puiple 

Feces  soft,  con- 
taining lumps. 

IV 

Dec.  18/05 
Jan.  5,  '06 

Strong 
Negative 

Moderate 
Negative 

Diarrhoeal  move- 
ment 

VI 

Mar.  17.  '06 
Mar.  26,  '06 

3  mg. 
3 .  09  mg. 

Strong 
Negative 

Formed  and 
liquid  feces 

VII 

Jan.  18.  '06 
Mar.  15.  '06 

Trace 

Moderate 

VIII 

Dec.  30.  '05 
Jan.  9.  '06 
Apr.  16.  '06 

Trace 
Negative 
Faint  trace 

Slight 
Negative 

IX 

Dec.  4,  '05 

Very  strong 
13.0  mg. 

Strong 

X 

Nov.  28. '  05 
Nov.  30.  '05 
Dec.  5.  '05 

Dec.  8.  '05 
Dec.  12.'05 
Dec.  18.' 05 
Dec.  28.  '05 
Feb.  1.  '06 
Mar.  14,  '06 
Mar.  27.  '06 

Very  strong 
46.9  mg. 
Negative 

11.4  mg. 
5 . 5  mg. 
Strong  trace 
Negative 
Slieht 
0.27  mg. 

Strong 
Strong 
Moderate 

Very  strong 
Strong 

Negative 

Slight 

Strong 

Period  of  diar- 
rhoea. 
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No.  of 
CaM 

Date 

Q\iantity  of  Indol 

in  zoo  Grams  of 

Feces 

Indican  Reaction  of 
Urine 

Further  Data 

XII 

Dec.  25/05 
Jan.  2,  '06 
Jan.  15.'06 
Feb.  1,  '06 
Mar.  14.  '06 
Mar.  17.  '06 
Mar.  31.  '06 

Apr.  6.  '06 
Apr.  27.'06 

Strong,  [7  mg.] 
Trace 
Negative 
SUght 

SUght 
Mc^erately 

strong 
7.7  mg. 
28.62  mg. 

Strong 

strong 

Strong 

Very  strong 

Strong 

Negative 

Faint  trace 
SUght. 

XIII 

Apr.  17/06 

Moderate 

Strong 

XIV 

Jan.  3.  '06 
Jan.  10,  '06 

Trace 
Faint  trace 

Negative 

XV 

Mar.  30.  '06 

Apr.  4.  '06 
Apr.  30.'06 

Negative 
Negative 

Strong;  purple 

color 
Strong 
Very  strong 

XVII 

May  6,  '06 

1 
Faint  trace        i  -  -  -  - 

A  consideration  of  the  tabulated  data  shows  that  the  condi 
tions  were  widely  varying  with  respect  to  the  fecal  indol  and  the 
\irinary  indican,  but  that  in  a  majority  of  the  cases  there  was  a 
distinctly  excessive  excretion  of  indican.  It  sometimes  happened, 
as  in  Case  X,  that  the  indican  temporaialy  disappeared  from  the 
urine  dtiring  a  period  of  diarrhoea  and  there  is  little  doubt  that 
in  such  cases  the  negative  reaction  was  dependent  on  the  rapid 
passage  of  the  contents  of  the  small  intestine  through  the  large 
intestine.  Diarrhoeas  are  frequent  among  persons  with  per- 
nicious anaemia  and  may  be  responsible  for  some  of  the  negative 
results  as  to  indican. 

It  is  noteworthy  that  in  one  instance  (Case  X)  in  which  the 
feces  contained  a  large  quantity  of  indol  and  the  urine  gave  a 
strong  indican  reaction,  there  was  an  abrupt  falling  off  in  these 
when  lavage  of  the  colon  was  begun.  Coincidently  with  this 
there  was  a  rapid  improvement  in  the  condition  of  the  patient 
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and  a  strikingly  rapid  rise  in  the  number  of  red  blood  cells  and 
in  the  quantity  of  haemoglobin. 

In  one  case  (XIV)  the  urine  was  free  from  indican  although 
diarrhoea  was  absent.     The  feces  contained  very  little  indol. 

A  feature  of  some  interest  as  an  evidence  of  putrefaction  is 
the  frequent  occurrence  of  skatol  in  feces  of  persons  suffering 
from  severe  anaemia  of  "idiopathic'*  orifi:in.  Among  normal 
persons  on  mixed  diet,  the  presence  of  more  than  a  trace  of  skatol 
in  the  feces  appears  to  be  an  exceptional  occurrence.  In  Case 
I  skatol  was  fairly  abundant  (3  milligrams  in  100  grams  of  feces) 
although  only  a  trace  of  indol  was  present.  In  Case  II  skatol 
was  present  in  traces  on  two  occasions,  although  indol  was 
absent.  In  Case  III  skatol  was  not  found.  In  Case  IV  skatol 
^as  absent  on  one  occasion  when  indol  was  abundant;  at  another 
time  the  skatol  reaction  was  strong  while  indol  was  negative. 
In  Case  VI  indol  and  skatol  were  both  fairly  abundant.  In 
Case 'VII  the  skatol  reaction  was  moderately  strong  but  indol 
was  detected  only  as  a  trace.  The  same  is  true  of  one  sample 
from  Case  VIII  but  in  a  second  specimen  from  this  patient 
(ten  days  later)  indol  was  unobtainable  and  skatol  was  abim- 
dantly  present.  In  Case  IX  skatol  was  negative  while  indol 
was  abundant.  In  Case  X  skatol  was  regularly  absent  (8  exam- 
inations) although  indol  was  frequently  present.  In  Case  XII 
skatol  was  present  only  once  in  five  times  at  which  examinations 
were  made.  The  largest  quantity  of  skatol  recovered  from  any 
pathological  feces  was  in  a  case  of  diabetes  on  the  verge  of  coma. 
Here  only  skatol  was  obtained,  indol  being  wholly  absent.  *  In  Case 
XVII  considerable  skatol  was  obtained  from  the  feces  but  no  indol. 

It  is  not  yet  clear  why  skatol  makes  its  appearance  in  the  in- 
testinal contents  in  the  course  of  putrefactive  disturbance. 
Like  indol  it  must  be  regarded  as  coming  from  the  tryptophan 
yielded  by  proteid,  but  what  the  conditions  are  that  determine 
the  formation  of  one  of  these  substances  rather  than  the  other 
we  do  not  know.     In   ordinary  putrefaction  indol  is   usually 

>The  determination  of  skatol  is  made  colorometrically  by  means  of 
the  reaction  with  paradimethylamidobenzaldehyde  after  distillation 
from  a  mixture  from  which  nearly  all  of  any  indol  present  has  been 
removed  by  precipitation  with  ^-naphthaquinone-sodium-monosuipho- 
nate.    The  details  of  the  method  will  be  soon  published. 
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an  early  product  and  skatol,  if  found  at  all,  a  much  later  one. 
From  the  putrefaction  of  peptone  and  bouillon  media  by  various 
micro-organisms,  individually  and  in  various  combinations,  for 
short  periods,  I  have  been  unable  to  obtain  skatol.  One  medium 
from  which  I  have  obtained  skatol  by  putrefaction  is  one  pre- 
pared from  sheep's  brains.  This  origin  of  skatol  from  decom- 
posing brain  tissues  was  known  to  Nencki  many  years  ago,  but 
no  explanation  of  it  has  been  given.  Skatol  also  appeared  in  a 
medium  containing  salts,  tryptophan,  alanin,  and  phenylalanin, 
after  incubation  with  fecal  bacteria.  But  by  far  the  greatest 
concentration  of  skatol  in  a  putrefactive  culture  was  foimd  after 
two  weeks'  growth  of  fecal  bacteria  in  a  peptone  bouillon 
meditun  which  had  been  enriched  by  the  addition  of  a  watery 
extract  prepared  from  fresh  asparagus.  In  one  case  the  fecal 
flora  from  a  normal  pig  were  used.  Here  no  indol  was  formed 
but  a  very  large  quantity  of  skatol.  In  another  experiment  in 
which  the  fecal  bacteria  were  derived  from  a  diabetic  patient,there 
was  very  large  production  of  skatol  and  slight  production  of  indol. 
A  consideration  of  the  skatol  content  of  the  feces  carries  one 
to  the  question  of  the  significance  of  the  paradimethylamido- 
benzaldehyde  reaction  of  the  urine.  It  is  well  known  that  on 
the  addition  of  an  acid  solution  of  Ehrlich's  aldehyde  to  certain 
urines  a  cherry-red  reaction  is  obtained,  sometimes  in  the  cold, 
more  often  only  on  the  application  of  heat.  The  cause  of  the 
reaction  has  been  the  occasion  of  some  discussion.  Erhlich^  was 
inclined  to  attribute  it  to  glycosamin;  Neubauer^  and  Bauer  ^ 
refer  it  to  urobilinogen  which  has  passed  from  the  intestine  into 
the  urine.  I  have  found  that  the  administration  of  skatol  to 
men  and  to  monkeys  is  followed  by  some  intensification  of  the 
aldehyde  reaction  and  believe  that  where  skatol  is  found  in  fair 
abtmdance  in  the  intestine  it  may  contribute  to  the  reaction. 
It  cannot,  however,  be  claimed  that  in  the  group  of  anaemias 
which  is  under  notice  here,  there  was  a  close  relation  between 
the  occurrence  of  skatol  in  the  intestine  and  the  capacity  of  the 
urine  to  give  the  aldehyde  reaction.  The  correspondence  has 
failed  in  either  direction  in  some  instances,  that  is,  the  intestine 

>  Medicinische  Woche,  1901,  No.  15. 

»  Siizungsher.  d,  Gesellsch.  f.  Morph.  u.  Physiol. ,  1903,  2,  p.  32. 

»  Zentralbl.  f.  inn.  Med.,  1005,  No.  34,  p.  833. 
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has  sometimes  contained  considerable  skatol  while  the  urine  has 
given  no  aldehyde  reaction,  and  the  reverse  of  these  conditions 
has  also  been  encountered.  In  about  one-half  of  the  tirines 
from  the  anaemia  group  the  Ehrlich  aldehyde  reaction  has  been 
obtainable,  though  not  without  the  aid  of  heat.  The  strongest 
reactions  I  have  observed  have  been  obtained  not  in  the  case 
of  the  patients  forming  this  group  but  in  persons  without  marked 
anaemia,  who  were  suffering  from  chronic  disturbances  of  intes- 
tinal digestion.  In  the  cases  of  anaemia  now  tmder  consideration 
a  marked,  aldehyde  reaction  of  the  urine  has  been  less  often 
obtained  than  a  marked  reaction  for  indican.  It  has  also  been 
evident  that  this  aldehyde  reaction  bore  no  relation  either  to 
the  indican  reaction  or  to  the  phenol  content  of  the  tirine. 

The  Dimethylamidohenzdldehyde  Reaction  of  the  Feces. 

If  one  extracts  himian  feces  with  an  aqueous  sodiimi  chloride 
solution  (2  grams  of  feces  to  30  grams  of  o .  85  per  cent,  sodium 
chloride  solution)  the  extract  will  usually  yield  a  color  reaction 
with  a  suitably  prepared  acid  solution  of  Erhlich's  aldehyde.* 
In  the  case  of  healthy  children  or  adolescents  on  a  mixed  diet 
the  color  obtained  is  usually  a  light  rose,  and  may  be  very  faint. 
Between  this  light  tint  and  a  very  deep  cherry-red,  all  transitions 
are  met.^  It  is  noteworthy  that  the  feces  from  the  anaemia 
patients  under  consideration  have  regularly  yielded  very  strong 
or  intense  Ehrlich  aldehyde  reactions,  the  only  exceptions  to  this 
rule  having  been  met  with  during  periods  of  diarrhoea.  It  some- 
times happens  that  a  patient  with  chronic  intestinal  indigestion 
or  a  person  on  a  strict  proteid  diet  gives  an  intense  Ehrlich 
aldehyde  reaction.  Normal  adults  on  mixed  diet  give  a  moderate 
reaction  and  (in  cases  where  the  ethereal  sulphates,  phenol ,  and 
indican  of  the  urine  run  low)  often  only  a  faint  one. 

The  explanation  of  the  chemical  basis  of  the  Ehrlich  aldehyde 
reaction  of  the  feces  is  not  yet  wholly  satisfactory.  Baumstark  ^ 
thought  it  could  be  ascribed  to  the  indol  of  the  feces  and  based 

«  Water,  270  c.c,  concentrated  HaSO^,  30  cc,  Ehrlich's  aldehyde, 
15  grams. 

>  We  have  employed  a  graded  color  scale  in  order  to  record  our  results 
with  some  degree  of  accuracy. 

*  Munch,  med.  Wochenschr.,  No.  17,  1903;  also.  Arch.  f.  Verdauungs- 
krankh.,  ix,  1903. 
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a  quantitative  method  for  indol  on  the  reaction.  Bauer,  ^  how- 
ever, showed  that  the  feces  contain  another  substance  which 
reacts  with  the  aldehyde  and  claims  that  this  substance  is  uro- 
bilinogen. I  reached  a  similar  conclusion  independently,  after 
noticing  that  the  feces  in  one  instance  gave  an  intense  red  reaction 
after  the  indol  had  been  distilled  oflE.  In  other  cases  a  strong 
reaction  was  obtained  in  spite  of  the  fact  that  the  feces  were  free 
from  indol  from  the  outset.  That  the  reaction  from  this  non- 
volatile part  of  the  feces  depends  wholly  on  urobilinogen  does 
not  appear  to  me  to  have  been  convincingly  shown.  It  is  true, 
however,  that  one  may  reduce  urobilin  (Schuchardt's)  with  alkali 
and  zinc  dust  and  thus  obtain  a  substance  which  gives  a  stronger 
and  more  characteristic  Erhlich  aldehyde  reaction  than  the 
urobilin  itself.  Probably  both  urobilinogen  and  a  skatol  derivative 
are  implicated  in  the  Ehrlich  aldehyde  reaction  of  the  urine, 
but  it  is  possible  that  other  substances  are  also  concerned. 

Acids  and  Bases  of  the  Feces, 

Some  attention  has  been  paid  to  the  quantity  of  volatile  acids 
present  in  the  feces  of  anaemic  and  other  patients  and  also  to  the 
volatile  bases  present.  The  titration  values  have  usually  been 
such  as  to  show  that  the  ammonia  (of  which  the  bases  mainly 
consist)  almost  exactly  neutralizes  the  acetic,  propionic,  and 
butyric  acids  of  which  the  acid  in  the  distillate  mainly  consists. 
The  values  for  volatile  acids  and  bases  in  anaemias  have  not 
shown  uniform  deviations  from  normal  values.  Nevertheless  it 
is  common  to  find  rather  high  values  for  the  volatile  fatty  acids 
of  the  feces  of  persons  with  ** primary"  pernicious  anaemia. 
Such  high  values  are  not  confined  to  cases  of  this  sort  but  are 
frequently  observed  in  the  intestinal  contents  of  persons  suffering 
from  chronic  intestinal  indigestion,  associated  with  an  excessive 
excretion  of  phenyl-potassium  sulphate  and  indoxyl-potassium 
sulphate  by  the  urine.  In  such  instances  of  chronic  intestinal 
indigestion  with  excessive  putrefaction  there  is  almost  invariably 
present  some  degree  of  anaemia.  The  haemoglobin  may  not  be 
greatly  reduced.  It  is  not  exceptional  to  meet  with  persons 
who  show  the  intestinal  conditions  just  mentioned,  but  whose 
haemoglobin  is  not  below  70  or  80  per  cent.     A  careful  examina- 

^Loc,  cit. 
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tion  in  such  instances  will,  I  think,  often  reveal  the  fact  that 
there  is  more  real  anaemia  than  is  indicated  by  a  consideration  of 
the  haemoglobin  alone,  there  being  in  such  cases  unequivocal 
signs  of  a  diminished  volume  of  blood.  In  both  these  milder 
anaemias  and  in  the  more  severe  forms,  it  is  characteristic  to 
find  the  various  signs  (to  be  described  later)  of  the  presence  of  an 
excessive  degree  of  what  may  be  designated  the  saccharo- 
butyric  type  of  putrefaction — a,  process  attended  by  the  excessive 
formation  of  butyric  acid  (perhaps  also  propionic,  valerianic, 
and  caproic).  I  have  been  able  to  show  that  in  many  of  these 
cases  of  excessive  intestinal  putrefaction  attending  milder  or  more 
severe  types  of  anaemia,  the  higher  volatile  fatty  acids  are  con- 
siderably increased  in  amotmt. 

The  following  table  includes  some  of  the  results  obtained  from 
a  study  of  fatty  acids  of  the  feces. 

TABLE  SHOWING  THE  QUANTITY  OP  VOLATILE  PATTY  ACIDS  IN  100  GRAMS 

OP  DRIED  PECESdN  TERMS  OP  OXALIC  ACID). 


Clinical  Data 


I.  Observation  on  normal  child  on  mixed 
diet,  showing  minimal  indications  of  putre* 
{active  intestinal  decomposition. 


II.  Observation  on  patient  a^fid  z6  with 
continuous  fever  (influensa)  of  ^9^C-4o**C 
and  temporary  increase  in  intestizial  putre- 
faction.    Mixed  diet. 


III.  Observation  on  adult  patient  with 
primary  pernicious  anaemia  (Case  XIII  of 
tables). 


IV.  Observation  on  adtdt  patient  with 
primary  pernicious  anaemia  (Case  XII  of 
Ubles). 


V.  Observation  on  adult  with  primary 
pernicious  anaemia.  Verv  excessive  intes- 
tinal putrefaction  (Case  III  of  tables). 


VI.  ^  Observation  on  adult  patient  with 
excessive  intestinal  putrefaction  (saccharo- 
butyric)  and  slight  anaemia.  Mixed  diet,  some- 
what restricted. 


Volatile  Patty 
Acids— Grams 


o 

OPS 

o 

.4a6 

o 

.3304 

o 

•  44 

o.aj 


Other  DaU 


Molecular  weight  of  vol- 
atile acids -I?  I- 
Molecular  weight  of  pro- 
pionic acid  -•73. 


Molectdar  weight  of  vol 
atile  fatty  acids  -■  89. 


Molecular  weight  of  vol- 
atile fatty  acids   ->   71. 


VII.  Observation  on  child  aged  5,  with 
chronic  intestina  putrefaction  (large  belly 
type).  Putrefactive  products  very  excessive. 
Saccnaro-butyric  type.  Modei-ate  anaemia. 


Molecular  weight  of  vol- 
atile fatty  adds  "  85. 
Molecular  weight  of  bu- 
tyric acid  ■■  84. 


C.  A.  Herter  13 

In  this  table  are  seen  extreme  values  for  the  volatile  fatty 
acids  of  the  feces.  In  Observation  I  we  are  dealing  with  a  normal 
child;  in  Observation  VII,  with  a  child  with  an  extreme  condi- 
tion of  intestinal  putrefaction  and  there  is  good  reason  to  think 
that  the  acid  values  for  adults  fluctuate  rather  widely  and 
that  they  sometimes  reach  rather  high  figures  temporarily  in 
persons  whose  health  is  not  greatly  impaired.  The  three 
observations  relating  to  primary  pernicious  anaemia  do  not  reveal 
extremely  high  values  for  the  acids,  but  they  are  in  excess  of 
what  is  generally  found  in  healthy  persons  on  similar,  somewhat 
restricted  diets.  Perhaps  one  reason  why  the  diflEerences  in  the 
acid  contents  of  the  feces  in  health  and  disease  are  not  more 
pronounced  is  because  of  the  free  absorption  of  these  very 
soluble  products,  which  are  made  to  some  extent  even  in  normal 
digestion.  It  seems  probable  that  the  diflEerences  in  acid  pro- 
duction in  health  and  disease  are  considerably  greater  than  the 
above  recorded  observations  would  indicate.  It  should  be  noted 
that  in  Observation  IV,  the  molecular  weight  of  the  acids  corres- 
ponds closely  to  that  of  propionic  acid,  while  that  of  Observation 
VII  corresponds  to  butyric  acid  and  that  of  Observation  VI  falls 
between  the  molecular  weights  for  butyric  and  valerianic  acids. 
Some  experiments  were  made  to  determine  whether  the  acid 
production  of  the  mixed  fecal  bacteria  is  greater  when  these 
bacteria  are  obtained  from  persons  with  excessive  intestinal 
putrefaction  than  when  they  are  derived  from  normal  persons. 
The  results  were  not  tmiform.  In  some  instances  the  volatile 
fatty  acids  were  greater  in  amount  in  the  case  of  the  flasks 
inoculated  from  the  putrefactive  cases  than  in  the  case  of  any 
inoculated  from  normal  persons.  The  sediment  in  these  cases 
contained  large  numbers  of  strictly  anaerobic  putrefactive  bac- 
teria such  as  B.  putrificus  or  B.  aerogenes  capsulatus  and  both 
organisms  were  sometimes  present.  Peptone  bouillon  was  em- 
ployed as  a  meditun  and  B.  aerogenes  capsulatus  grew  freely 
in  this  only  tmder  special  conditions.  The  failure  to  find  a 
large  production  of  volatile  fatty  acids  does  not  therefore  mean 
that  anaerobic  putrefactive  bacteria  have  been  absent  from  the 
feces  but  may  mean  merely  that  they  were  imable  to  grow  under 
the  given  conditions.  B.  aerogenes  capsulatus  usually  grows 
well   in    blood    bouillon    (rabbits'    blood    may  be   used)    and 
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it  would  have  been  better  if  this  medium  had  been 
employed. 

A  feature  of  interest  in  this  connection  is  that  the  molecular 
weights  of  the  fatty  acids  made  by  the  bacteria  from  putre- 
factive cases  tend  to  be  higher  than  the  molecular  weights 
of  the  fatty  acids  derived  from  the  action  of  flora  derived 
from  relatively  non-putrefactive  digestive  tracts.  Thus  the 
volatile  fatty  acids  from  the  flora  of  a  case  of  excessive  intes- 
tinal putrefaction  gave  a  molecular  weight  of  73;  the  same 
weight  was  given  by  the  acids  obtained  from  the  flora  of  a  case  of 
pernicious  anaemia.  Another  case  of  excessive  putrefaction  gave 
bacteria  which  made  acids  with  a  molecular  weight  of  74.  These 
results  were  all  obtained  on  sugar-free  media.  On  the  other 
hand  the  flora  from  a  child  showing  extremely  low  putrefactive 
processes  generated  acids  having  a  molecular  weight  of  64.7  in 
peptone  medium,  and  61.  5  in  peptone  lactose  (molecular  weight 
of  acetic  acid  being  60). 

These  and  similar  observations  accord  with  the  contention  of 
Rodella^  that  anaerobic  putrefactive  bacteria  tend  to  make  the 
higher  fatty  acids.  It  was  found  also  that  a  ctdture  of  B.  putri- 
ficus  (Bienstock)  on  peptone  gave  acids  with  a  molecular  weight 
of  86  .  8.  A  culture  of  B.  aerogenes  capsulatus  (B.  Welchii)  gave 
acids  which,  expressed  in  terms  of  propionic  acid,  calculating 
from  the  weight  of  the  bariiun  salts,  amotmted  to  0.257  gram 
per  100  c.c.  of  culture;  expressed  as  a  mixture  of  acetic  and 
butyric  acids,  the  yield  was  equivalent  to  o.  104  gram  acetic  and 
o.  153  gram  butyric  acid. 

Sulphur  Compoufuis. 

Observations  on  the  fresh  feces  firom  persons  with  "primary" 

pernicious  anaemia  have  failed  to  show  any  peculiarities  in  respect 

to  the  presence  either  of  mercaptan  or  hydrogen  sulphide. 

Hydrogen  sulphide  could  usually  be  detected  but  was  not  usually 

present  in  considerable  amotmt.     Repeated  and  careful  tests 

.  (isatin-sulphuric-acid  method)  for  the  presence  of  mercaptans 

in  no  instance  led  to  a  positive  result.    This  is  of  special  interest 

in  view  of  the  fact  to  be  emphasized  later,  that  it  is  common 

^  1 "  Sot  la  differentiation  du  '  Bacillus  putrificus '  (Bienstock)  et  des 
badlles  ana6robie  tryptobutyriques  (Achalme),"  Ann,  de  VInst,  Pasteur, 
xix,  p.  804,  1905. 
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for  the  fecal  bacteria  from  persons  with  pernicious  anaemia  to 
make  mercaptan  when  grown  on  sugar-free  peptone  bouillon. 

The  HydrobUirutnn  Reaction  of  the  Feces. 

A  not  unimportant  indication  of  unusual  conditions  of  bacte- 
rial activity  in  the  intestine  is  an  excessive  hydrobilirubin  re- 
action of  the  feces.  This  reaction,  first  described  by  Schmidt  in 
1895,  is  developed  when  one  acts  on  certain  kinds  of  feces  in  the 
fresh  state  by  means  of  a  concentrated  watery  solution  of  mercu- 
ric chloride.  The  marked  and  characteristic  red  color  with 
yellowish  fluorescence  which  appears  under  these  conditions  is 
believed  to  depend  on  a  combination  between  the  mercuric  salt  and 
hydrobilirubin  (perhaps  identical  with  urobilin).  An  analogous 
combination  exists  in  JafiEe's  zinc-chloride-urobilin  compoimd. 
Both  substances  give  the  same  spectroscopic  picture — ^namely 
a  band  between  the  lines  b  and  E. 

In  the  course  of  a  systematic  examination  of  the  feces  from 
normal  individuals  and  from  many  different  pathological  sources, 
it  was  noticed  that  the  mercuric  chloride  reaction  was  strongest 
in  persons  suffering  from  intestinal  disorders,  especially  in  those 
with  excessive  intestinal  putrefaction.  The  weakest  reactions 
were  fotmd  in  the  case  of  acholic  stools  and  in  the  case  of 
children  and  yotmg  adults  presenting  only  slight  indications  of  in- 
testinal putrefactive  decomposition  (low  ethereal  sulphates,  ab- 
sence of  indican  and  low  phenol).  The  results  in  the  anaemia 
cases  are  briefly  summarized  in  the  following  table: 

TABLE  RELATIVE  TO  THE  HYDROBILIRUBIN  REACTION  OF  THE  FECES 


Cue 

Date  of 
ExAmination 

Degree  of  Re- 
action witli 
HgQa 

Behavior  of  Material  on  Exposure  to  Air 

.         1 

Mar.  30,  '06 
Apr.  1. '06 

Very  strong 

Strong 

Strong 

II 

Mar.  21,  '06 
Mar.  28.  '06 

Very  strong 
Very  strong 

Greenish;  shows  red-brown  layer  on 

exposure 
Light  brown;  red  layer  on  exposure 

III 

Mar.  20,  '06 
Apr.  30,  '06 

Very  strong 
Very  strong 
Almost  im- 
mediately 

/ 
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Case 

Date  of 
Examination 

Degree  of  Re- 
action with 
HgOa 

Behavior  of  Material  on  Exposure  to  Air 

IV 

Dec.  18.  '05 
Jan.  5,     '06 

Strong 
Strong 

VI 

Mar.  17,  '06 
Mar.  26,  '06 

Strong 
Moderate 

Greenish;  reddish  on  exposure 

VII 

Jan.    18,  '06 
Apr.  21.  '06 

Moderate 
Faint 

VIII 

Dec.  30.  '05 
Jan.  9.     '06 
Apr.  14.  '06 

Moderate 
Moderate 
Very  strong 

X 

Nov.  28,  '05 
Dec.    2.    '05 
Dec.   9.    '05 
Dec.  13.  '05 
Dec.  18,  '05 
Feb.    1,   '06 
Mar.  14.  '06 

Very  strong 

Very  strong 

Very  strong 

Strong 

Strong 

Moderate 

Negative 

Greenish  with  yellow  streaks 

XI 

Dec.  19,  '05 

Strong 

Yellow,    changing    to   red    on  ex- 
posure 

XII 

Dec.  27.  '05 
Jan.  2,     '06 

Jan.   12.  '06 
Feb.  1,    '06 
Feb.  14.  '06 
Mar.  17  '06 
Apr.  5,    '06 
Apr.  27,  '06 

Moderate 
Strong 

Moderate 
Moderate 
Strong 
Strong 
Very  strong 
Very  strong 

Turns  reddish  yellow  on  surface 
Lieht  yellow;  turns  reddish  on  sur- 
face 

Turns  reddish-brown 
Turns  reddish-brown 

XIII 

Apr.  17,  '06 

Very  faint 
Doubtful 

— 

XIV 

Jan.  4,     '06 
Jan.  10,  '06 

Moderate 
Moderate 

Dull  yellow;  darker  on  surfa^      _ 
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Case 

Date  of 
Examination 

Degree  of  Re- 
action with 
HffQa 

Behaviour  of  Material  on  Bxposure  to  Air 

XV 

Mar.  30.  '06 
Apr.  30,  '06 

Strong 
Fairly  strong 

Very  light  yellow,  darkening  on 
exposure 

XVII 

May  5.  '06 

Intense  im- 
mediately 

The  table  shows  that  in  our  cases  of  advanced  anaemia  it  was 
usual  to  meet  with  a  strong  mercuric  chloride  reaction  of  the  feces. 
This  result  is  so  frequent  among  cases  of  this  kind  that  it  becomes 
noteworthy.  Very  strong  reactions  were  observed  in  some  cases 
of  moderate  anaemia  in  which  putrefactive  decomposition  in 
the  intestine  was  extreme.  The  reaction  doubtless  depends 
on  the  reduction  of  bilirubin  in  the  course  of  putrefactive 
decomposition  in  the  intestine  and  may  therefore  be  expected 
to  run  parallel  to  the  reducing  activity  of  the  intestinal  bacteria* 
A  careful  comparison  of  the  reducing  activity  of  the  intestinal 
bacteria,  as  measured  by  the  effect  of  the  mixed  fecal  bacteria 
on  variotis  media  colored  with  methylene  blue,  neutral  red,  and 
methyl  violet,  failed  to  demonstrate  any  close  relationship  of 
this  kind,  although  in  general  the  strongest  mercuric  chloride 
reactions  were  found  in  those  cases  in  which  the  intestinal  re- 
duction was  most  active.  There  were,  however,  cases  in  which  the 
bichloride  reaction  was  feeble  despite  the  fact  that  the  intestinal 
bacteria  were  shown  to  be*  capable  of  reducing  strongly.  It  seems 
likely  that  another  factor  is  necessary  to  make  possible  a  strong 
mercuric-chloride  reaction,  namely  the  presence  of  a  sufficient 
supply  of  biliary  coloring  matter  in  the  large  intestine.  For  it 
is  true  that  when  the  bile  is  cut  off  from  the  intestine,  as  in 
obstructive  jaimdice,  the  bichloride  reaction  may  wholly  fail  and 
is  usually  feeble.  The  persistence  of  the  reaction  in  slight 
d^ree,  in  some  cases  where  autopsy  has  demonstrated  the  pres- 
ence of  complete  obstruction  of  the  biliary  duct,  has  been  re- 
ferred by  some  writers  to  a  slight  secretion  of  biliary  coloring 
matter  throtigh  the  intestinal  walls,  and  this  is  perhaps  the  true 
explanation.  If  the  presence  of  biliary  coloring  matter  is 
essential  to  the  production  of  the  bichloride  reaction,  one  would 
expect  this  reaction  to  be  particularly  intense  when  blood 
destruction  is  from  any  cause  excessive  and  permits  the  escapa 


1 8        Bacterial  Processes  in  Advanced  Anaemia 

of  exceptionally  large  quantities  of  bilirubin  into  the  intestine. 
The  mere  introduction  of  an  excess  of  bile  pigment  into  the  in- 
testine does  not,  however,  suffice  to  intensify  the  reaction,  as 
I  have  satisfied  myself  by  means  of  experiments  on  dogs.  Appar- 
ently two  factors  are  concerned  in  determining  the  formation  of 
iydrobilirubin — the  presence  of  a  sufficient  amount  of  bilirubin 
and  the  existence  of  conditions  of  bacterial  activity  permitting 
the  rapid  reduction  of  this  coloring  matter.  Outside  the  body 
the  reduction  of  bilirubin  to  hydrobilirubin  by  bacteria  was  a 
slow  process  in  the  experiments  which  I  have  thus  far  made. 

In  some  cases  the  feces  which  gave  a  strong  hydrobilirubin 
reaction  showed  a  spontaneous  and  marked  alteration  in  color  on 
exposure  to  the  air. 

The  relation  of  the  hydrobilirubin  reaction  to  the  urobilinogen 
reaction  of  the  feces  with  Ehrlich's  aldehyde  is  a  point  of  interest 
on  which  one  cannot  at  present  express  an  opinion.  As  already 
mentioned  there  are  instances  in  which  the  feces,  after  distilla- 
tion^ of  all  the  indol  present  (as  shown  by  the  aldehyde  reaction, 
which  is  very  delicate),  still  give  a  reaction  in  the  cold  with  a 
dimethylamidobenzaldehyde  solution.  This  reaction  is  believed 
to  depend  on  the  presence  of  urobilinogen.  It  has  been  fairly 
well  marked  in  some  of  our  anaemia  cases  but  there  is  as  yet  no 
evidence  that  the  reaction  bears  any  definite  relation  to  the 
hydrobilirubin  reaction  although  the  two  substances  urobilinogen 
and  urobilin  (hydrobilirubin?)  are  closely  related  chemically. 

The  Ethereal  Sulphates, 

It  is  generally  admitted  by  physiological  chemists  that  the 
ethereal  sulphates  of  the  urine  are  perhaps  the  best  single  index 
to  the  extent  of  putrefaction  in  the  intestine,  or,  more  accurately 
stated,  to  the  degree  of  absorption  of  putrefactive  products  into 
the  circulation.  Physiologists  differ,  however,  as  to  what  consti- 
tutes an  excessive  excretion  of  ethereal  sulphates,  some  laying 
stress  on  the  absolute  quantities  excreted  daily,  others  attaching 
especial  importance  to  the  ratio  between  ethereal  and  preformed 
sulphates.     From  a  long  experience  in  dealing  with  this  question 

>This  distillation  should  be  conducted  in  an  atmosphere  of  carbon 
dioxide  in  order  to  prevent  oxidation  of  the  reacting  substance  which 
is  sensitive  both  to  air  and  to  the  action  of  sxmlight. 
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I  have  learned  to  emphasize  especially  the  necessity  of  considering 
the  ratio  of  ethereal  and  preformed  sulphates.  It  has  been  urged 
against  this  ratio  that  as  the  preformed  sulphates  are  derived 
from  proteid  metabolism  whereas  the  ethereal  sulphates  repre- 
sent putrefactive  decomposition,  we  are  comparing  incommensu- 
rate things  when  we  use  the  ratio  as  a  measure  of  putrefaction. 
It  should,  however,  not  be  overlooked  that  in  health,  and  still 
more  in  disease,  the  quantity  of  the  putrefactive  products  bears 
a  relation  to  the  quantity  of  proteid  ingested — an  excess  of 
proteids  in  the  dietary  being  the  most  certain  means  of  increasing 
intestinal  putrefaction.  Against  the  use  of  the  absolute  ethereal 
sulphate  value  as  an  index  of  putrefactive  decomposition  is  the 
fact  that  in  health  this  value  fluctuates  widely.  If  the  exact  con- 
ditions of  diet  and  absorption  were  known,  this  absolute  value 
would  be  useful  but  it  is  ordinarily  quite  impracticable  to  obtain 
the  necessary  data.  On  the  other  hand,  I  have  been  able  to 
satisfy  myself  that  when  the  ratio  of  ethereal  and  preformed  sul- 
phates falls  below  10  one  almost  always  meets  with  excessive 
quantities  of  phenol  or  indol  in  the  feces.  It  will  be  seen  from  the 
table  that  the  ratio  of  ethereal  and  preformed  sulphates  tends 
to  run  low  in  the  anaemia  cases  studied — the  tendency  being  very 
pronounced  in  Cases  II,  III,  IV,  VIII,  IX,  X,  XII,  and  XV. 
These  restilts  are  simply  corroborative  of  the  general  proposi- 
tion that  the  putrefactive  processes  were  excessive  in  the  intesti- 
nal tracts  of  the  patients  under  consideration. 

Hunter  in  his  well-known  work  on  pernicious  anaemia  has 
recorded  results  obtained  from  the  study  of  the  excretion  of  the 
ethereal  sulphates  in  a  case  of  pernicious  anaemia.^  The  results 
obtained  in  this  case  are  similar  to  those  reported  here.  The 
absolute  quantities  of  ethereal  stilphate  are  not  strikingly  high, 
but  on  most  occasions  the  ratio  of  preformed  to  combined 
sulphuric  acid  is  high.  Hunter  concludes  from  his  figures  that 
the  absolute  amount  of  putrefaction  occurring  within  the 
intestinal  canal  was  not  excessive,  but  that  in  proportion  to 
the  quantity  of  proteid  food  ingested  putrefaction  was  distinctly 
excessive.  He  believes  further  that  the  relative  putrefactive 
excess  was  not  sufficiently  great  to  be  credited  with  being  the 

» Pernicious  Ancemia:  Its  Pathology ^  Septic  Origin,  Symptoms,  Diag- 
nosis, and  Treatment.    London,  1901. 
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TABLE  SHOWING  EXCRETION  OF  ETHEREAL  SULPHATES. 

Case 

Date 

Prefotmed 
Sulphuric  Acid. 
Grams 

Combined 

Sulphtuic  Acid. 

Grams 

Ratio 

I 

Mar.  23,  *06 
Apr.  2,    '06 

0.6675 
2.0731 

0.2715 
0.1289 

9.8 
16.0 

II 

Mar.  21.  '06 
Mar.  25,  '06 

0.7421 
0.2952 

0.1720 
0.0872 

4.2 
3.4 

III 

Mar.  21,  '06 
Apr.  27.  '06 

0.3091 
1.1124 

0.0580 
0.2816 

5.3 
3.9 

IV 

Dec.  18,   05 
Jan.  5,     '06 

0.3005 
0.5891 

0.1444 
0.1080 

2.1 
5.4 

VI 

Mar.  20,  '06 
Mar.  24,  '06 

0.4615 
0.5846 

0.1522 
0.0462   • 

3.0 
11.6 

VII 

Mar.  16,  '06 

0 . 7947 

0.1167 

6.9 

VIII 

Jan.  9.     '06 

0.1265 

0.0210 

6.0 

IX 

Dec.  4,    '06 

0.1753 

0.0353 

5.0 

X 

Nov.  27,  '05 
Nov.  30,  '05 
Dec.  4,    '05 
Dec.  7,    '05 
Dec.  11,  '05 
Jan.  31,  '06 
Mar.  14,  '06 
Mar.  27,  '06 

0.9930 

1.5075 

1.4510 

0.6831 

1.368 

0.6234 

2.7638 

1 . 6738 

0.2220 
0.1665 
0.1060 
0.0809 
0.1317 
0.1164 
0.3042 
0.1972 

4.4 
9.0 

13.9 
8.4 

10.4 
5.4 
9.0 
8.0 

XII 

Dec.  26,  '05 
Jan.  16,  '06 
Jan.  31,  '06 
Feb.  16,  '06 
Mar.  3,    '06 
Mar.  16,  '06 
Apr.  5.    '06 
Apr.  27,  '06 

1 . 1677 
0.8966 
0.7063 
0.7565 
1 . 1764 
1.236 
1.4218 
1 . 0859 

0.1093 
0.1680 
0.1066 
0.1115 
0.1186 
0.0749 
0.1092 
0.0691 

10.7 

6.3 

6.6 

6.8 

9.9 

16.5 

13.0 

15.7 

XV 


Mar.  30,  '06 
Apr.  4,      06 


1 . 2254 
1 . 5867 


0.3046 
0.3313 


4.0 
4.7 
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cause  of  the  special  symptoms  of  so  well-marked  a  disease  as 
'pernicious  anaemia.  This  latter  conclusion  is  one  to  which  I 
should  not  wish  to  commit  myself  on  the  grounds  brought 
forward  by  Hunter,  for  while,  as  already  stated,  the  ethereal 
sulphates  are  the  best  single  index  of  the  d^ree  of  intestinal 
putrefaction  they  give  no  clue  to  the  character  of  the  putrefactive 
products,  on  which  the  pathological  significance  of  the  putre- 
faction may  in  an  important  measure  depend. 

On  the  Production  of  Methyl  Mercaptan  and  of  Gas  by  the  Mixed 
Fecal  Bacteria  from  Advanced  Cases  of  Ancemia. 

As  the  character  of  physiological  activities  of  the  bacteria  of 
the  feces  is  obviously  a  matter  of  interest  in  any  study  of  the  flora 
of  the  digestive  tract,  and  as  these  activities  can  hardly  be 
pictured  with  success  by  any  method  involving  the  formation  of  a 
composite  picture  through  the  fusion  of  our  conceptions  of  the 
physiological  activities  of  individual  bacterial  species,  an  attempt 
has  been  made  to  learn  something  through  the  cultivation  of 
the  mixed  bacterial  flora  on  artificial  media.  These  studies 
relate  to  the  production  of  gas,  ammonia  and  other  bases,  acids, 
indol,  phenol,  mercaptan,  and  hydrogen  sulphide.  It  is  desired 
to  call  attention  here  to  only  two  manifestations  of  bacterial 
activity — ^the  ability  to  make  methyl  mercaptan  and  the  capacity 
to  produce  gas.  These  subjects  have  already  been  touched  on 
in  a  preliminary  way  in  this  Journal^  and  the  methods  employed 
have  been  described  with  sufficient  fulness. 

The  chief  drawback  to  the  use  of  this  method  in  the  study  of 
intestinal  disorders  is  that  we  have  no  guarantee  that  the  mixed 
fecal  flora  introduced  by  inoculation  into  an  artificial  ctdture 
medium  will  develop  there  in  the  same  way  as  in  the  intestine. 
Indeed  it  is  certain  that  in  many  instances  the  dominant  types  of 
bacteria  in  the  culture  medium  are  not  the  same  as  in  the  feces. 
Still  the  method  has  a  certain  value  for  the  reason  that  the  decom- 
positions observed  bear  a  definite  relation  to  the  flora  present  in 
the  digestive  tract,  although  not  one  expressive  of  the  exact 
conditions  of  putrefaction  within  the  body. 

<This  Journal,  i,  p.  415  and  p.  421,  1906. 
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The  Production  of  Methyl  Mercaptan  by  Fecal   Bacteria  fram 

Persons  with  Advanced  Ancemia. 

What  has  been  learned  from  a  study  of  the  mercaptan  reaction 
in  relation  to  the  anaemia  cases  may  be  briefly  summarized.  In 
seven  of  the  cases  (Nos.  I,  IV,IX,  X,  XII,  XV,  and  XVII)  strong 
or  intense  reactions  for  mercaptan  were  obtained  by  means  of  the 
isatin  sulphuric  acid  test.  Some  of  these  reactions  are  the  strong- 
est we  have  observed  in  the  course  of  considerable  experience 
with  the  method.  In  Case  II  there  was  apparently  no  tendency  to 
mercaptan  production  and  in  some  of  the  other  cases  the  inclina- 
tion of  the  fecal  bacteria  to  make  mercaptan  when  grown  on 
peptone  bouillon  was  apparently  not  considerable,  although  in 
many  instances  the  observations  were  not  sufficiently  numerous 
to  enable  one  to  form  a  positive  judgment. 

As  pointed  out  in  a  previous  paper,  the  persistent  tendency  of 
fecal  bacteria  from  adults  to  make  mercaptan  on  a  simple  peptone 
medium  is  probably  to  be  regarded  as  a  pathological  rather  than 
a  normal  manifestation,  although  it  is  true  that  one  sometimes 
finds  apparently  normal  adults  whose  bacteria  make  enough 
mercaptan  under  the  described  conditions  to  give  a  fair  isatin 
reaction.  Especially  in  the  case  of  bottle-fed  babies  have  I  fre- 
quently found  instances  in  which  the  intestinal  flora  were  capable 
of  making  mercaptan.  A  slight  mercaptan  production  may  give 
place  to  the  production  of  larger  quantities  with  the  onset  of  a 
febrile  disease.  The  fecal  flora  may  produce  mercaptan  but  very 
little  hydrogen  sulphide;  in  general,  however,  the  bacteria  which 
make  an  abundance  of  hydrogen  sulphide  tend  to  make  methyl 
mercaptan. 

The  explanation  of  the  mercaptan  production  which  has  been 
noted  in  disease  and  sometimes  in  health  is  not  yet  clear.  B. 
putrificus  (Bienstock)  is  the  only  micro-organism  we  have  yet 
found  which  is  capable  (in  pure  culture)  of  making  mercaptan 
from  a  peptone  medium.  There  is  as  yet  no  evidence  that  the 
observed  mercaptan  production  by  fecal  bacteria  is  the  result 
of  the  action  of  putrificus,  but  the  possibility  has  not  been 
definitely  excluded. 

I  am  not  disposed  to  attach  much  physiological  or  pathological 
significance  to  the  formation  of  mercaptan  by  fecal  bacteria. 
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This  is  partly  because  experiments  on  dogs  with  high  enemata 
of  methyl  and  ethyl  mercaptan  solutions  repeated  daily  over 
long  periods  (25  to  50  c.c.  of  a  one  per  cent,  solution)  have 


TABLE  SHOWING  INTENSITY  OP  MERCAPTAN  REACTION  IN  PEPTONE 

MEDIUM  INOCULATED  WITH  PECAL  BACTERIA  PROM 

PERSONS  WITH  ADVANCED  ANiEMIA. 


No.  of 
Case 

Date 

Mercaptan 
Reaction 

Remarks 

I 

Feb.  5,    '06 
Mar.  23,  '06 
Mar.  24,  '06 
Mar.  27,  '06 
Mar.  31,  '06 
Apr.  3,    '06 
Apr.  6,    '06 

Moderate 

Strong 

Intense 

Intense 

Strong 

Intense 

Strong 

Reaction  completed  in  10  min. 

44                                                 <«                                          tl 
II                                                 <t                                          l( 
It                                                 it                                          tl 
II                                                 It                                          tt 
It                                                 II                                          II 
II                                                 II                                          II 

II 

Mar.  22.  '06 
Mar.  27,  '06 

Neg^ative 
Faint  trace 

No  development  in  40  min. 
Reaction  occurred  in  15  min. 

III 

Mar.  21,  '06 
May  1,    '06 

Faint  trace 
Negative 

Reaction  required  30  min. 
No  development  in  20  min. 

IV 

Dec.  18,  '05 
Jan.  3,     '06 

Strong 
Strong 

Reaction  required  6  min. 
Deep  green  after  10  min. 

V 

Jan.  26,  '06 

Moderate 

VI 

Mar.  17,  '06 
Mar.  26.  '06 

Negative 
^rong 

Time  allowed  was  30  min. 
Time  required  was  7  min. 

VII 

Jan.  18,  '06 
Mar.  15,  '06 
Apr.  22.  '06 

Negative 

Trace 

Strong 

Time  allowed  was  31  min. 
Time,  15  min. 

VIII 

Dec.  30,  '05 
Jan.  9.     '06 
Apr.  15,   06 

Negative 

Trace 

Intense 

3  days*  growth 

Reaction  occurred  in  10  min. 

IX 

Dec.  4,    '05 

• 

Strong 

Olive  green  in  5  min. 
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No.  of 
Case 

Date 

Meroaptan 
Reaction 

Remarks 

X 

Nov.  30.  '05 
Dec.  8.    '06 
Dec.  12,  '06 
Dec.  18.  '06 
Feb.  1.    '06 

Feb.  6,    '06 
Mar.  14,  '06 

Strong 

Slight 

Strong 

Slight 

Strong 

Strong 
Strong 

Time  allowed  was  6  min. 

Time  allowed,  5  min. ;    culture   two 
days  old. 

Time  was  10  min. 

XII 

] 

Dec.  26,  '06 

fan.  2,    '06 
[an.  2.    '06 
[an.  17.  '06 
?*eb.  1,    '06 
Peb.  1,    '06 
M[ar.  4.    '06 
Vlar.  18.  '06 
\pr.  6,    '06 
Vfayl,    '06 

Trace-strong 

Strong 

Negative 

Negative 

Strong 

Negative 

Trace 

Intense 

Strong 

Intense 

Trace  appeared  in  6  min.,  became 

strong  in  30  min. 
Culture  1  day's  growth 
2  dajrs'  growth  in  cystin  medium 

Time,  6  min.  on  culture  4  days  old 

Time  allowed,  30  min. 
Time  allowed,  7  min. 
Time,  allowed,  30  min. 
Time,  10  min. 

XIII 

May  1,    '06 

Moderate 

Time  allowed,  50  min. 

XIV 

Jan.  3,    '06 
'  an.  10,  '06 
Feb.  6.   '06 

Negative 
Negative 
Intense 

Reaction  developed  in  6  min.  in  a 
culture  2  days  old. 

XV 

Mar.  30.  '06 
Apr.  6.    '06 
Mayl,    '06 

Strong 
Strong 
Negative 

Time  allowed,  10  min. 
Time  allowed,  26  min. 
Time  allowed,  20  min. 

XVI 

Dec.  1,    '06 
Dec.  8,    '06 
Dec.  16,  '06 
Dec.  22,  '06 

Trace 
Fairly  strong 

Strong 

Time  allowed,  20  min. 
Time  allowed,  10  min. 

XVII 

May  6,    '06 
May  7,    '06 

Intense 
Intense 

Time  allowed,  16  min. 
Time  allowed,  10  min. 

failed  to  induce  definite  toxic  manifestations.  Moreover 
it  appears  to  me  by  no  means  certain  that  methyl  mercaptan 
is  actually  formed  in  the  intestine  (and  absorbed  therefrom) 
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in  appreciable  quantity  by  the  bacterial  flora  which,  outside 
the  body,  have  been  found  able  to  make  this  sulphur  com- 
pound. Although  hydrogen  sulphide  is  readily  detectable 
in  the  freshly  passed  feces  of  many  individuals  with  advanced 
anaemia,  I  have  never  been  able  to  detect  more  than  a  trace 
of  methyl  mercaptan  even  in  quite  fresh  material.  This  fact, 
though  not  conclusive,  makes  one  question  whether  mer- 
captan is  formed  in  any  part  of  the  intestinal  tract  in  quantities 
that  possess  any  pathological  significance. 

But  notwithstanding  the  absence  of  evidence  that  mercaptans 
are  factors  in  the  production  of  intoxications,  the  ability  of 
certain  flora  to  make  these  substances  outside  the  body,  on  a 
peptone  medium,  is  of  some  biological  interest  and  it  has  seemed 
desirable  to  state  here  the  persistence  with  which  mercaptan  for- 
mation occurs  under  the  action  of  bacteria  derived  from  the 
intestines  of  certain  anaemic  patients.  ^ 

On  the  Restricted  Formation  of  Gas  by  the  Fecal  Flora  Grown  on 

Sugar  Bouillon. 

Early  in  the  course  of  the  present  investigation  it  was  noticed 
that  the  fecal  flora  from  certain  individuals  almost  regularly 
fall  far  below  the  normal  standard  of  activity  in  gas  production 
on  sugar-bouillon  media.  It  was  observed  also  that  material 
derived  from  persons  with  pernicious  anaemia  and  allied  blood 
diseases  is  so  apt  to  show  the  peculiarity  of  low  gas  production 
that  it  must  be  regarded  as  a  feature  of  such  affections,  although 
by  no  means  limited  to  them. 

As  already  explained  elsewhere  2,  the  mixed  fecal  flora  from 
healthy  adults  on  a  mixed  diet  make  considerable  gas  when 
grown  on  sugar  bouillon  for  twenty-four  hours,  and  the  volume  of 
gas  made  under  fixed  conditions  is  apt  not  to  vary  widely  in  the 
case  of  the  same  individual,  if  the  dietetic  conditions  remain  sim- 
ilar. In  the  observations  made  in  my  laboratory,  the  practice  has 
been  followed  of  inoculating  four  sugar-botiillon  fermentation 

>  Dr.  Rettger  writes  me  that  he  has  obtained  a  strong  mercaptan  re- 
action from  the  products  of  growth  of  the  mixed  fecal  bacteria  from 
three  patients  with  pernicious  anaemia.  I  have  also  observed  another 
case  of  pernicious  anaemia  (not  included  in  the  above  report)  in^  which  a 
very  strong  reaction  was  noted. 

>This  Journal,  i,  p.  415,  1906. 


26        Bacterial  Processes  in  Advanced  Anaemia 

tubes  (dextrose-,  levulose-,  lactose-,  and  saccharose-bouillon) 
with  the  material  to  be  tested.  Usually  the  gas  production  has 
been  greatest  in  the  lactose  tube  and  least  in  the  saccharose  tube. 
The  coltunn  found  in  each  tube  was  measured  and  the  total  gas 
production  in  the  series  of  four  tubes  was  recorde  d.  It  was  found 
that  in  normal  individuals  the  average  gas  production  for  the 
four  tubes  is  about  loo  millimeters.^  Among  healthy  individuals 
on  a  mixed  diet,  the  fecal  flora  seldom  yield  less  than  65  milli- 
meters of  gas  in  the  four  tubes.  The  bacteria  derived  from 
persons  with  digestive  disorders,  on  the  other  hand,  very 
frequently  give  not  more  than  60-75  millimeters  of  gas  in  the 
four  tubes.  In  the  case  of  persons  suffering  from  blood  diseases, 
a  very  much  greater  restriction  in  gas  production  has  been  noted, 
as  will  be  seen  by  reference  to  the  table.  The  tendency  to 
low  gas  production  is  especially  notable  in  Cases  I,  II,  VI,  VII, 
VIII,  X,  XIV,  and  XVII.  In  Case  XII,  in  which  eight  ob- 
servations were  made,  the  gas  production  fell  below  73  milli- 
meters only  on  three  occasions  (45,  60,  and  66  millimeters). ^  In 
Case  XV,  also,  we  have  three  observations  which  fall  within 
the  normal  limits  (79,  103,  and  136  millimeters),  this  case  being 
one  of  secondary  anaemia  associated  with  pronounced  putre- 
factive conditions.     In  looking  over  the  table  of  recorded  results 

>  The  anaerobic  limb  of  our  fermentation  tubes  measures  about  95 
millimeters. 

2  It  should  be  stated  that  after  the  manuscript  of  this  paper  had  been 
sent  to  press  the  gas  production  by  the  fecal  flora  from  Case  XII  fell 
to  25  millimeters  (in  the  four  sugar-bouillon  tubes).  This  fall  in  gas 
production  was  coincident  with  a  period  of  relapse  in  which  the  red 
blood  cells  and  haemoglobin  declined  considerably  (although  only  tem- 
porarily). At  the  same  time  the  microscopical  fecal  fields  showed  a 
very  marked  increase  in  bacteria  of  the  type  of  B.  aerogenes  capsulatus 
and  a  falling  off  in  organisms  of  the  B.  coli  type.  Typical  B.  aerogenes 
capsulatus  was  foimd  abundantly  on  the  highly  anaerobic  agar  plates 
prepared  at  this  time.  The  presence  of  this  organism  in  unusual  numbers 
was  furthermore  proved  by  the  gas  production  noted  in  an  incubated 
rabbit  which  had  been  injected  with  an  exceptionally  dilute  suspension 
of  the  fecal  bacteria  (1-50).  Moreover  it  was  impossible  to  recover 
bacteria  of  the  B.  coli  group  from  gelatin  plates  made  at  this  period. 
Finally,  it  should  be  noted  that  the  fecal  bacteria  grown  in  peptone 
bouillon  produced  methyl  mercaptan  in  tmusual  abtmdance,  judging  by 
the  intensity  of  the  isatin  reaction. 
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it  will  be  seen  that  there  are  other  instances  in  which  gas  pro- 
duction has  fallen  within  the  normal  limits. 

A  feature  of  much  importance  to  the  interpretation  of  the 
recorded  results  is  the  presence  or  absence  of  diarrhoea.  Repeat  ed 
observations  haVe  shown  that  the  occurrence  of  diarrhoea  tends 
to  increase  the  gas-forming  activities  of  the  fecal  flora.  The 
explanation  of  this  fact  is,  I  think,  obvious.  It  has  been  found 
that  the  gas  production,  in  the  four  sugar-bouillon  tubes  which 
has  been  incited  by  the  action  of  pure  cultures  of  B.  coli  derived 
from  human  sources  resembles  closely  in  volume  and  chemical 
character  the  gas  production  by  the  mixed  fecal  bacteria  from 
normal  adults.  This  fact,  viewed  in  connection  with  the  ob- 
served growth  of  organisms  of  the  B.  coli  type  in  the  fermentation 
tubes,  has  led  to  the  inference  that  a  large  part  of  the  gas  pro- 
duction on  the  part  of  the  fecal  flora  is  due  to  the  activities  of 
organisms  of  the  B.  coli  type.  It  is  known  that  these  bacteria 
tend  to  die  as  they  approach  the  rectum  from  higher  levels 
of  the  intestine,  and  that  living  gas-producing  bacteria  (B.  coli 
and  lactis  aerogenes  types)  are  more  numerous  in  the  upper  than 
in  the  lower  colon.  It  can  easily  be  shown  that  conditions  which 
induce  a  rapid  passage  of  the  intestinal  contents  through  the  gut 
bring  down  increased  numbers  of  living  gas-forming.  Gram- 
negative  bacteria.  The  relative  increase  in  B.  lactis  aerogenes 
is  probably  a  factor  in  the  greater  gas  formation. 

A  comparison  of  the  pictures  presented  by  the  Gram-stained, 
microscopical,  fecal  fields  with  gas  production  induced  by  the 
bacteria  which  constitute  these  fields,  leads  to  one  definite  con- 
clusion. It  is  that  Gram-positive  fields,  containing  relatively 
few  or  poorly  preserved  micro-organisms  of  the  B.  coli  type  are 
associated  with  restricted  gas  production  almost  without  ex- 
ception. On  the  other  hand,  fecal  material  showing  Gram- 
negative  fields,  made  up  of  well-preserv-ed  bacteria  corresponding 
morphologically  to  the  type  of  B.  coli,  rarely  fail  to  produce  gas 
abundantly. 

The  observed  failure  to  make  gas  in  normal  amount  in  per- 
nicious anaemia,  I  refer  to  a  diminution  in  the  number  of  living 
micro-organisms  of  the  B.  coli  type  in  the  feces,  though  there  is 
no  proof  that  in  some  instances  this  factor  may  not  be  reinforced 
by  the  inhibitory  activity  of  other  types  of  micro-organisms. 
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TABLE     SHOWING     INTENSITY    OF     GAS    PRODUCTION    IN    PEPTONE 

MEDIUM  INOCULATED  WITH  FECAL  BACTERIA  FROM 

PERSONS  WITH  ADVANCED  ANiEMIA. 


No.  of 
Case 

Date 

Amotint  of  Gas 
Production. 
Millimeters 

Remarks 

I 

Feb.    5,  '06 
Mar.  20,  '06 

Mar.  24,  '06 
Mar.  27,  '06 
Mar.  31,  '06 
Apr.    3,  '06 
Apr.    6.  '06 

97 

(1)  26 

(2)  10 

5 

54 
62 

Diarrhoeal  movement 

II 

Mar.  22,  '06 
Mar.  27,  '06 

62 
35 

Coli  type  poorly  preserved 

III 

• 

Mar.  20,  '06 
Apr.  29,  '06 

62 
114 

Coli  type  fairly  numerous;  fair- 
ly preserved 

IV 

Dec.  18,  '05 
Jan.    5,  '06 

155 
45 

Diarrhoea 

Coli  type  present;  preser\'ation 
poor 

V 

Jan.  26,  '06 

^ 

Coli    type    abundant;    poorly 
preserved 

VI 

Mar.  17,  '06 
Mar.  26,  '06 

54 
56 

Coli  type  only  moderately  abim- 
dant 

Coli  type  only  moderately  abun- 
dant 

VII 

Jan.  18,  '06 
Mar.  15  '06 
Apr.  20,  '06 

43 

Coli  type  poorly  preser\'ed 
Blood  condition  much  improved 

III 

Dec.  30,  '05 
Jan.    9,  '06 
Apr.  14,  '06 

95 
70 
63 

Diarrhoea 
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No.  of 

Amount  of  Gas 

■ 

Case 

Date 

Production. 
MillimeterB 

Remarks 

IX 

Dec.    4.  '05 

160 

Diarrhceal  movement 

X 

Nov.  28,  '06 

25 

Nov.  30.  '05 

30 

Dec.  5,    '05 

100 

Diarrhoeal  movement 

Dec.    8,  '05 

Dec.  12.  '05 

Dec.  18,  '05 

Dec.  28,  '05 

60 

Feb.    1,  '06 

30 

Feb.    5,  '06 

Mar.  14.  '06 

20 

XII 

Dec.  25,  '05 

85 

Semi-solid  movement 

Jan.    2,  '06 
Jan.  17.  '06 

85 

Movement  soft 

112 

Soft  movement  from  high  ene- 

ma 

Feb.    1,  '06 

45 

Movement  formed 

Feb.  14,  '06 

76 

Movement  formed 

Mar.    4,  '06 

60 

Partly  fonned  movement 

Mar.  18,  '06 

66 

Partly  formed  movement 

Apr.    6,  '06 

102 

Soft,  tmformed  movement 

Apr.  28.  '06 

86 

Semi-solid  movement 

XIII 

Apr.  18,  '06 

116 

Fluid  movement 

XIV 

Jan.    3.  06 

35 

Jan.  10.  '06 

38 

Feb.    5,  '06 

53 

XV 

Mar.  30,  '06 

103 

Soft,  tmformed  movement 

Apr.    4,  '06 

79 

Partly  formed  movement 

Apr.  30,  '06 

136 

XVI 

Dec.    1.  '05 

20 

Dec.    8,  '05 

100 

Dec.  15.  '05 

150 

Dec.  22,  '05 

95 

XVII 

Apr.  30.  '06 
May  4.  '06 

15 
25 

Semi-solid,  pasty  movement 
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The  conaiderable  or  normal  or  even  excessive  gas  production 
noted  in  some  cases  of  pernicious  anaemia  I  think  may  be  reason- 
ably ascribed  to  the  presence  of  gas-producing  organisms  (of  the 
B.  coli  type)  incidental  to  diarrhoea.  This  is  evidently  true  of 
many  of  the  cases  which  have  come  under  my  obser\'ation.  It 
is  probable,  however,  that  other  bacterial  influences  are  some- 
times at  work.  In  a  few  fermentation  tubes  in  which  there  has 
been  high  gas  production  and  in  which  organisms  of  the  B.  coli 
type  have  been  scanty,  there  has  been  evidence  of  multiplication 
of  organisms  morphologically  like  B.  aerogenes  capsulatus  (B. 
Welchii).  This  organism  is  a  rapid  and  abundant  gas-maker 
on  sugar-media  and  may  ^ave  been  responsible  for  the  gas 
formation  in  the  cases  mentioned.  If  this  be  the  case,  it  shows 
that  a  normal  volume  of  gas  in  the  fermentation  tubes  does  not 
necessarily  mean  that  the  fermentation  has  been  carried  on  by 
the  normal  gas-makers  of  the  intestine — i.e.,  by  organisms  of  the 
B.  coli  and  B.  lactis  aerogenes  group.  Ordinarily  B.  aerogenes 
capsulatus  does  not  grow  well  on  sugar  bouillon  in  the  absence 
of  blood  or  fresh  animal  tissues  (such  as  liver)  and  it  is  not  yet 
clear  to  what  conditions  the  occasional  observ^ed  growth  has  been 
due. 

It  is  believed  that  the  phenomenon  of  restricted  gas  production 
by  the  fecal  bacteria  is  one  of  much  biological  and  pathological 
interest  and  that  the  method  here  employed  in  the  study  of  gas 
production  will  prove  of  clinical  value.  The  phenomenon  of 
restricted  gas  production  is  by  no  means  limited  to  the  bacteria 
derived  from  persons  with  severe  anaemias  but  is  observed  in  lesser 
degree  in  many  digestive  disorders. 

I  have  several  times  observed  it  in  the  course  of  fever  and  think 
the  explanation  here. is  probably  the  same  as  in  the  cases  of 
digestive  derangement — i.e.,  the  partial  elimination  of  living 
colon  bacilli  from  the  feces — a  condition  of  colon  scarcity. 

In  a  recent  paper  which  promised  to  prove  significant  for  the 
xmderstanding  of  bacterial  conditions  in  the  intestinal  tract, 
Conradi  and  Kurpjuweit  advanced  experimental  evidence  to 
show  that  the  obligate  colon  bacilli  of  the  human  intestine 
produce  substances  capable  of  holding  in  check  the  development 
of  other  species  of  bacteria, — for  example  the  typhoid  and  para- 
typhoid organisms.     To  these  inhibitory  substances  they  gave 
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the  name  "autotoxines, "  as  it  appeared  that  the  colon  bacilli 
were  themselves  subject  to  the  inhibitory  influence  exerted  by 
the  substances  produced  by  them.  If  such  inhibitory  powers 
could  have  been  shown  to  reside  in  the  colon  bacilli,  it  would 
have  thrown  an  important  light  on  our  knowledge  of  the  an- 
tagonisms between  intestinal  bacteria,  and  especially  on  the 
role  of  the  colon  bacillus  group  in  helping  to  exclude  saprophytic 
forms.  The  work  of  Conradi  and  Kurpjuweit  has,  however,  been 
recently  subjected  to  criticism  and  it  seems  clear  that  the 
phenomena  of  inhibition  which  they  described  as  being  de- 
pendent on  autotoxines  are  open  to  other  explanations.^  It 
appears  from  these  criticisms  that  the  phenomena  of  inhibition 
attributed  to  the  formation  of  autotoxines  are  probably  due, 
at  least  in  part,  to  the  exhaustion  of  the  nutrient  media  in  which 
the  colon  bacilli  have  grown.  Moreover  the  inhibition  of  the 
growth  of  typhoid  bacilli  and  other  bacteria  appears  to  have  been 
much  less  complete  than  was  supposed  by  Conradi  and  Kurp- 
juweit. It  is  a  matter  of  considerable  importance  in  connection 
with  the  present  study  to  know  whether  a  free  growth  of  the 
obligate  colon  bacilli  in  the  intestine  operates  in  such  a  way  as 
to  check  the  development  of  Bacillus  aerogenes  capsulatus.  It 
is  certainly  true  that  a  greatly  diminished  representation  or  a 
complete  elimination  of  typical  colon  bacilli  from  the  feces  is  a 
feature  of  many  cases  of  severe  anaemia  and  it  is  possible  that 
this  partial  or  complete  disappearance  of  colon  bacilli  constitutes 
a  condition  especially  favorable  for  the  infection  of  the  digestive 
tract  by  Bacillus  aerogenes  capsulatus. 

The  Examination  of  Sediments  from  Fermentation  Tubes, 

In  speaking  of  the  study  of  the  Gram-stained  fecal  bacterial 
fields,  some  emphasis  is  laid  on  the  value  of  this  method  in 
gaining  an  acquaintance  with  the  dominant  bacterial  flora  of  the 
lower  part  of  the   intestine.     There  is  perhaps  no  better  intro- 

t  See  especially  the  criticisms  of  Moro  and  Murath,  "Ueber  die  Bak- 
teriellen  Hemmungsstoflfe  des  Sauglingsstuhles,"  Wien.  klin.  Wochenschr, 
xix,  p.  371,  1906;  also  F.  Passini,  "Die  bakteriellen  Hemmungsstoffe  Con- 
radis  und  ihr  Einfltiss  axif  das  Wachstum  der  Anaerobier  des  Darmes/* 
ibid,  p.  627;  and  R.  Oebitis,  "Ueber  spontane  Wachstumshemmung  der 
Bakterien  auf  kunstlichen  Nahrboden,"  Med.  Klinik,  ii,  p.  598,  1906. 
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duction  to  the  bacterial  conditions  that  prevail  in  the  intestine 
than  the  careful  examination  of  a  series  of  microscopical  fields 
from  representative  parts  of  the  material  derived  from  the  lower 
bowel.  The  method  has,  however,  an  important  limitation 
which  should  be  clearly  recognized.  It  is  that  the  Gram  stain 
gives  us  no  positive  indication  as  to  which  bacteria  are  living 
and  which  are  dead.  It  is  important  to  be  informed  on  this 
subject,  for  if  the  apparently  dominant  organisms  in  a  field  are 
really  for  the  most  part  dead  and  autoly^ing,  it  is  obvious  that 
they  do  not  constitute  the  physiologically  dominant  variety. 
Especially  in  the  case  of  micro-organisms  of  the  B.  coli  group  is  it 
desirable  to  have  some  information  on  this  point,  since  these 
organisms  probably  exert  a  protective  action  against  certain 
invaders  of  the  intestinal  tract.  It  is  often  possible  to  gain  some 
knowledge  as  to  the  living  and  dead  varieties  of  fecal  bacteria 
by  examining  the  sediments  from  the  fermentation-tube  cultures 
which  have  been  employed  in  studying  the  gas  production,  indol 
production,  etc.,  of  the  intestinal  flora.  The  results  of  such 
study  have  developed  the  following  facts:  (i)  organisms  of  the  B. 
coli  group  may  fail  to  grow  freely  in  the  anaerobic  limb  of  the 
fermentation  tube  on  glucose  botiillon,  or  may  not  grow  at  all,  after 
inoculation  with  fecal  flora  which  appear  by  the  Gram  stain  to 
contain  many  (though  perhaps  poorly  preserved)  organisms  of 
the  B.  coli  type.  The  inference  in  such  cases  is  that  living  B. 
coli  were  in  reality  not  well  represented  in  the  feces,  although  in 
some  cases  another  possibility  presents  itself — ^namely  that  the 
bacteria  of  this  type  though  not  dead  have  been  inhibited  by  other 
species.  Among  our  patients  with  advanced  anaemia  the  fer- 
mentation tube  has  in  several  instances  pointed  to  the  absence 
of  B.  coli  in  the  fecal  contents, — ^always  in  cases  that  have  shown 
restricted  gas  production.  Among  normal  or  nearly  normal 
persons  who  have  been  used  for  control  observations,  a  failure 
of  these  organisms  of  the  B.  coli  type  to  make  gas  has  not  been 
observed.  In  a  case  of  diabetes,  however,  with  Gram-positive 
fields,  B.  coli  failed  to  grow — again  with  small  gas  production. 
The  absence  of  living  B.  coli  in  the  feces  of  some  patients  with 
pernicious  anaemia  is  further  indicated  by  the  failure  of  repre- 
sentatives of  this  group  to  appear  on  Utmus-gelatin  plates. 
(2)   The  positive  diplococci  which  are  normally  seen  in  the 
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feces  grow  readily  in  the  sugar-bouillon  fermentation  tubes  and 
are  apt  to  be  well  represented  in  the  sediment  both  from  normal 
and  pathological  cases. 

(3)  Streptococci  are  sometimes  found  in  great  abimdance  in 
the  fermentation-tube  sediment.  This  is  especially  apt  to  happen 
in  the  case  of  material  which  microscopically  shows  the  presence 
of  a  considerable  number  of  streptococci ;  but  it  may  also  happen 
that  there  is  an  abundant  and  dominant  growth  of  streptococci 
in  cases  where  the  microscopical  fields  have  failed  to  call  attention 
to  its  presence.* 

(4)  An  abundant  growth  of  an  organism  having  the  morpho- 
logical characters  of  B.  aerogenes  capsulatus  was  a  frequent 
occurrence  in  the  tubes  inoculated  from  patients  with  advanced 
anasmias.  This  was  observed  in  Cases  I,  II,  III,  VI,  VII,  VIII, 
IX,  and  XVI,  and  also  in  a  case  of  diabetes,  material  from  which 
had  shown  capsulatus-like  organisms  in  the  Gram-stained  fields. 
On  the  other  hand,  capsulati  were  not  ordinarily  observed  to 
grow  in  the  tubes  inoculated  from  the  feces  of  normal  persons 
selected  as  controls.  The  growth  of  B.  aerogenes  capsulatus  was 
generally  most  abundant  in  the  lactose-bouillon  tubes. 

Action  of  the  Mixed  Fecal  Bacteria  on  Milk. 

Among  the  first  observations  made  in  the  cotirse  of  this  re- 
search was  the  fact  that  sterilized  milk  undergoes  a  peculiar 
•*stormy  fermentation**  when  inoculated  with  the  mixed  fecal 
flora  from  certain  individuals,  whereas  this -is  not  induced  by 
bacteria  from  other  sources.  In  this  fermentation  the  casein  is 
coagulated,  broken  up  into  small  fragments,  and  undergoes  s6me 
degree  of  peptonization,  while  there  is  at  the  same  time  a  rapid 

>In  one  instance  in  which  the  apparently  normal  feces  contained  very 
many  leucoc3rtes  and  only  a  few  coccal  forms  in  the  fields,  the  fermentation- 
tube  sediments  showed  the  growth  of  streptococci  only,  colon  organisms 
failing  to  grow  in  most  of  these  tubes.  It  afterwards  developed  that 
the  patient  had  a  small  dental  abscess,  containing  streptococci,  the  pus 
from  which  had  for  two  years  been  passing  into  the  stomach.  The  chief 
clinical  conditions  were  anaemia,  mental  depression,  and  loss  of  weight. 
I  am  indebted  to  Prof.  James  for  the  opportimity  of  studjring  these  con- 
ditions. A  very  similar  observation  was  made  in  the  case  of  a  young 
woman  who  developed  mucous  colitis  during  convalescence  from  measles. 
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and  voluminous  liberation  of  gas.  The  meaning  of  the  phenom- 
enon was  not  at  first  clear,  but  it  now  seems  certain  that  it  is 
referable  to  the  action  of  bacteria  of  the  B.  aerogenes  capsulatus 
type.  This  view  is  borne  out  by  the  following  facts:  (i)  B. 
aerogenes  in  pure  culture  sets  up  the  "stormy  fermentation'* 
just  mentioned;  (2)  the  fecal  flora  setting  up  this  type  of  fer- 
mentation in  milk  were  derived  almost  exclusively  from  persons 
in  whose  stools  micro-organisms  of  the  B.  Welchii  type  were  found 
in  considerable  abundance  (including  nearly  all  the  cases  of 
** primary*'  pernicious  anaemia  in  which  this  clinical  diagnosis 
appeared  justified) ;  (3)  the  fecal  flora  from  persons  showing  slight 
signs  of  intestinal  putrefaction  and  few  or  no  capsulati  in  the 
feces  failed  to  give  the  characteristic  active  fermentation  of  milk. 
These  results,  however,  which  differentiate  between  the  action 
of  bacterial  suspensions  containing  few  capsulati  and  those 
Sntaining  many,  are  obtainable  only  by  inoculating  the  fer- 
mentation tubes  with  small  quantities  of  the  suspension.  If  one 
inoculates  large  quantities  of  the  suspensions  the  ntunber  of  cap- 
sulati contained  in  the  normal  material  will  sometimes  be  suffi- 
cient to  induce  the  typical  change  in  milk  in  the  course  of 
twenty-four  hours. 

BACTERIOLOGICAL  OBSERVATIONS 

(In  Conjimction  with  Herbert  C.  Ward.) 

The  necessity  of  obtaining  definite  knowledge  of  the  bacterial 
inhabitants  of  the  digestive  tract,  in  conditions  attended  by  evi- 
dence of  excessive  putrefaction  within  this  tract,  is  self-evident. 
In  the  case  of  our  group  of  anaemias  this  necessity  was  further 
emphasized  by  the  frequent  recurrence,  within  the  group,  of  a 
phenomenon,  calling  for  a  bacteriological  explanation — ^the 
phenomenon,  already  described,  of  small  gas  production  in  sugar 
bouillon.  The  problems  relating  to  the  bacterial  flora  of  the 
intestine  are  so  beset  with  technical  difficulties  and  difficulties 
of  interpretation  that  even  their  proximate  solution  (in  the 
sense  in  which  any  life-phenomena  are  soluble  by  scientific 
methods)  is  a  task  of  the  not  very  near  future.  What  we  have 
to  offer  on  the  subject  of  the  bacteriology  of  the  intestine  in 
anaemia  is  put  forward  with  a  realization  of  its  inadequacy,  but  in 
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the  belief  that  facts  thus  far  collected  represent  a  necessary  step 
in  progress. 

There  are  several  methods  by  which  we  have  sought  to  obtain 
knowledge  of  the  bacterial  conditions  in  the  intestinal  passages 
of  persons  with  apparently  primary,  profound  anaemia,  in  the 
hope  of  finding  in  these  conditions  something  to  account  for  the 
evidences  of  putrefactive  decomposition  and  of  restricted  fer- 
mentation, which  we  have  found  to  characterize  these  cases. 
There  are  three  general  methods  of  approach  from  which,  up  to 
the  present  time,  we  have  had  the  most  encouragement.  These 
are:  (i)  the  microscopical  study  of  the  Gram-stained  fecal  fields; 
(2)  the  microscopical  study  of  the  fermentation-tube  sediments 
derived  by  inoculating  certain  media  with  the  mixed  fecal 
bacteria;  and  (3)  the  study  of  the  bacteria  ctdtivated  under  strict 
anaerobic  conditions  from  fecal  suspensions  subjected  to  pas- 
teurization. These  methods  and  their  results  will  be  separately 
described  and  their  relation  to  each  other  will  be  considered. 

Study  of  the  Gram-stained  Fecal  Fields, 

The  microscopical  examination  of  the  Gram-stained  fecal  fields 
(counterstained  with  safiEranin  or  carbol-fuchsin)  has  proved  in 
several  respects  a  serviceable  method.  It  enables  the  observer 
to  roughly  classify  the  bacteria  of  a  given  field  as  strongly 
positive,  positive,  mixed,  negative  or  strongly  negative.  This  is 
a  real  gain,  since  it  gives  at  once  a  clue  to  the  relative  importance 
of  organisms  of  the  colon  bacillus  type — a  feature  which,  as  will 
later  be  made  evident,  is  of  prime  importance.  The  recognition 
of  the  dominant  bacterial  types  is  much  facilitated  by  this  study, 
for  it  usually  enables  the  practised  observer  to  distinguish  with 
a  serviceable  degree  of  accuracy  organisms  of  the  following 
types:  B.  coli,  B.  pyocyaneus,  B.  aerogenes  capsulatus,  B. 
bifidus,  various  diplococci  and  staphylococci,  yeast  organisms, 
etc.  The  presence  of  spore-bearing  organisms  and  of  free  spores 
can  also  be  made  out.  The  presence  of  capsules  can  also  be 
made  apparent  in  some  instances. 

In  the  following  tables  are  recorded  some  features  of  typical 
fecal  fields  from  a  group  of  anaemia  patients  and  from  a  group  of 
"normal"  persons,  chosen  almost  at  random. 

The  features  which  find  expression  in  the  tables  are  the  char- 
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acter  of  the  fields  with  respect  to  the  Gram  stain,  the  abundance 
and  state  of  preservation  of  organisms  of  the  B.  coH  type,  the 
presence  of  positive  coccal  forms,  the  presence  of  spore-bearing, 
capsulatus-like  baciUi,  *  and  the  presence  of  oval  spores,  such  as 
are  under  some  conditions  formed  by  B.  Welchii.  Other  bacte- 
rial characters  of  the  fields  have  been  for  the  time  being  ignored. 
The  above  characteristics  of  the  fields  were  selected  for  the 
following  reasons.  It  had  been  noted  that  in  certain  cases  the 
fecal  flora  are  unable  to  ferment  sugar  bouillon  with  full  gas 
production.  As  gas  production  in  fermentation  tubes  inoculated 
with  normal  adult  feces  appears  tobe  mainly  due  to  organisms  of  B. 
coli  and  B.  lactis  aerogenes  type  (B.  Welchii  not  growing  readily 
even  in  the  anaerobic  limb  of  the  tube,  on  sugar  bouillon  with- 
out blood  or  animal  tissues)  the  character  of  the  fields  with  regard 
to  B.  coli  became  a  question  of  interest.  Negative  fields  with  an 
abundance  of  well-preserved  organisms  of  B.  coli  type  one  would 
expect  to  see  in  those  feces  that  give  an  abundance  of  gas; 
positive  fields  with  relatively  few  coli  forms  in  a  poor  state  of 
preservation  one  would  expect  to  find  associated  with  deficient 
gas  production  on  sugar  bouillon.  Both  these  relations  have 
been  found  to  hold  true  in  general.  Attention  was  called  to 
the  importance  of  positive  cocci  by  observation  on  the  sediments 
of  fermentation  tubes  in  which  both  cocci  and  B.  coli  had  been 
grown.  The  cocci  clearly  tend  to  retard  the  gas-producing  action 
of  B.  coli  on  sugar  bouillon.  This  is  a  result  in  harmony  with 
the  similar  observations  lately  made  by  Heinemann  ^  in  another 
connection.  The  reason  for  paying  special  attention  to  the 
frequency  of  organisms  of  the  B.  Welchii  type  is  that  on  beginning 
the  study  of  the  strict  anaerobes  from  an  anaemia  patient  con- 
jointly studied  with  Professor  Theobald  Smith,  it  was  found 
that   there  occurred  regularly   on  the  blood-agar  plates  large 

'  I  have  come  to  believe  that  these  Gram-positive,  spore-holding  bacilli , 
which  are  morphologically  indistinguishable  from  B.  aerogenes  capsulatus 
do  not  as  a  rule  belong  to  this  class  but  to  a  group  of  aerobic  and 
physiologically  very  different  class  of  organisms.  The  reasons  for  this 
opinion  will  appear  later. 

a  "  The  Significance  of  Streptococci  in  Milk,"  Journ.  of  Infect.  Dis.,  iii, 
p.  173,  1906.  It  is  here  pointed  out  that  B.  aerogenes  var.  lacticus 
is  held  in  check  and  ultimately  stopped  by  the  presence  and  ascendency 
of  streptococcus  lacticvis. 
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numbers  of  this  organism  and  extremely  few  other  strict 
anaerobes  of  the  spore-forming  class.  ^  It  was  shown  by 
Hirshberg^  in  Professor  Welch's  laboratory  that  B.  aerogenes 
capsulatus  is  a  very  frequent  inhabitant  of  the  intestinal  tract 
of  man  and  other  animals^  and  it  had  been  shown  by  Welch*, 
Howard,^  and  others,  that  local  lesions  of  the  gastro-enteric  tract 
occur  which  are  attributable  to  this  organism.  It  therefore 
appeared  desirable  to  inquire  more  closely  than  had  been  done 
into  the  occurrence  of  B.  Welchii  in  the  intestinal  contents  in 
health  and  disease.  There  soon  appeared  indications  that  there 
are  numerous  instances  in  which  B.  Welchii  is  very  abundant 
(as  compared  with  its  occurrence  in  normal  individuals)  in  the 
feces.  The  study  of  the  question  from  the  standpoint  of  its 
occurrence  in  persons  with  advanced  apparently  primary 
anaemias  asstuned  increasing  interest  and  the  results  on  the 
fecal  fields  thus  far  noted  are  embodied  in  the  table. 

If  we  compare  the  table  of  normals  with  that  of  the  anaemias 
the  following  differences  may  be  noted:  (i)  the  tendency  of  the 
normal  fields  is  toward  Gram-negativeness  while  that  of  the 
anaemia  fields  is  toward  Gram-positiveness;  (2)  the  representation 
and  preservation  of  B.  coli  are  poor  in  most  of  the  anaemia  fields 
as  compared  with  the  representation  of  this  group  in  the  normal 
fields^;  (3)  positive  coccal  forms  are  distinctly  more  abimdant 
in  the  anaemia  group  than  in  the  normals  (in  one  of  the  cases 
[VII,  March  15]  positive  diplococci  were  extremely  abundant 

»  Our  attention  was  originally  and  previously  directed  to  B.  putrificus 
(Bienstock)  as  a  cause  of  excessive  intestinal  putrefaction,  but  this  line 
was  abandoned  because  it  appeared  unpromising. 

» "Distribution  of  Bacillus  Aerogenes  Capsulatus  (Bacillus  Welchii, 
Migula),"  Journ.Bosi.  Soc.  for  Med.  Set.,  v,  p.  369,  1900-1901. 

*  We  have  found  that  the  feces  of  tigers  may  consist  almost 
wholly  of  free  spores  at  least  a  portion  of  which  develop  into  the  vege- 
tative form  of  B.  aerogenes  capsulatus. 

«  Bull.  Johns  Hopkins  Hosp.,  Sept.,  1900. 

» Contributions  to  the  Science  of  Medicine  Dedicated  by  his  Pupils  to 
William  Henry  Welch,  Baltimore,  1900,  p.  461. 

*  It  is  often  difficult  to  form  a  positive  judgment  from  the  microscopical 
appearances  as  to  the  condition  of  B.  coli  in  the  fields,  but  with  practice 
it  becomes  possible  to  predict  in  many  instances  the  behavior  on  culture 
media. 
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and  made  up  the  dominant  bacterial  type) ;  (4)  bacilli  of  the  type 
of  B.  Welchii  are  distinctly  more  abundant  in  the  anaemia  fields 
than  in  the  normal  ones,  the  difference  in  this  respect  between 
the  two  sets  of  cases  being  pronounced;  (5)  spore-bearing  organ- 
isms of  the  capsulatus  type  were  rarely  seen  in  the  normal  fields 
and  were  not  a  feature  in  the  anaemia  cases,  although  in  three 
instances  (Cases  I,  V,  and  X)  they  were  present;  (6)  free  oval 
spores,  suggesting  capsulatus  spores,  were  not  usually  abundant 
either  in  the  normal  cases  or  in  the  anaemias,  but  in  three  of  the 
latter  cases  (Cases  I,  V,  and  X,  the  cases  showing  spore-holdisg 
bacilli)  they  were  numerous  and  often  were  seen  in  clumps  and 
chains. 

It  is  especially  important  to  note  that  there  are  four  instances 
(Cases  VII,  X,  XV,  and  XVI)  in  which  the  fields  showed  an 
abtmdance  of  B.  aerogenes  capsulatus  when  the  patients  first 
came  tmder  observation  and  that  at  a  later  period,  after  treat- 
ment was  begun,  there  was  in  these  same  cases  a  noteworthy 
falling  off  in  their  number.  At  the  same  time  there  was  noted 
in  three  of  these  instances  an  opposite  change,  i,e,,  an  increase, 
in  regard  to  negative  bacteria  of  the  B.  coli  type.  The  observa- 
tions included  in  the  table  which  illustrate  the  alterations  in  th< 
bacterial  flora  are   in   harmony  with   observations    on    othei 

material  from  the  same  cases  which  have  not  been  included  in  the 
table. 

It  is  desirable  to  state  what  is  meant  when  speaking  of  the 
'capsulatus  type**  in  the  fecal  fields.  The  term  is  used  to  refer 
to  rather  large,  plump.  Gram-positive  bacilli,  usually  with 
slightly  rounded  free  ends  and  square-cut  opposed  ends,  sometimes 
showing  capsules — organisms  morphologically  typical  of  B. 
Welchii.  They  frequently  occur  in  pairs,  end  to  end.  More 
frequently  they  occur  singly.  Occasionally  they  appear  as  long 
threads.  The  term  is  here  further  used  to  include  bacilli  some- 
what smaller  and  thinner  than  the  typical  B.  Welchii,  but 
having  in  other  respects  the  same  morphological  characters  and 
the  same  staining  properties.  These  latter  organisms,  which 
are  sometimes  numerous  in  the  fields,  are  included  in  the 
"capsulatus  type*'  because  it  is  known  that  under  certain 
conditions  the  true  Bacillus  aerogenes  capsulatus  assumes  these 
characters  and  because  our  more  detailed  studies  of   colonies 
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of  this  sort  have  shown  them  to  be  abundant  gas  producers  and 
otherwise  to  conform  to  the  characters  of  B.  aerogenes  capsulatus. 
There  is,  however,  another  Gram-positive  organism,  smaller  than 
that  just  mentioned,  and  uncapstilated,  which  is  less  strictly 
anaerobic  than  B.  Welchii  and  makes  little  or  no  gas,  which  must 
be  carefully  distinguished  from  the  * 'capsulatus  type."  It  has 
not  yet  been  fully  studied  by  us,  but  probably  corresponds 
to  the  plain  forms  of  Tissier's  B.  bifidus.  Furthermore  it  seems 
wise  at  present  to  speak  of  the  capsulatus  type,  in  referring  to 
the  fecal  fields  because  there  is  reason  to  believe  that  there  are 
sub-varieties  of  Welch's  gas  bacillus,  sub-varieties  based  mainly 
on  differences  respecting  the  difficulty  of  sporulation,  upon  patho- 
genic qualities,  haemolytic  properties,  indol  production,  rapidity 
of  gas  production  in  animals,  etc. 

Finally  it  must  be  stated  that  there  is  sometimes  found  in  the 
feces  an  organism  morphologically  so  similar  to  the  true  B.  aero- 
genes capsulatiis  as  to  be  indistinguishable  from  it.^     It  is  evident 

*  The  pseudo  aerogenes  organism  which  is  here  in  question  possessed  the 
following  characters  in  a  case  where  it  had  been  isolated  from  the  feces 
of  a  person  suffering  from  excessive  intestinal  putrefaction.  The  organ- 
ism did  not  differ  in  any  appreciable  way  in  size  or  morphology  from 
typical  B.  aerogenes  capsulatus.  It  was  Gram-positive  and  proved  to  be 
a  facultative  anaerobe  capable  of  abimdant  growth  aerobically  in  peptone 
bouillon.  On  ordinary  fluid  media,  it  formed  a  pellicle  on  the  surface 
which  after  a  time  fell  to  the  bottom.  It  was  foimd  to  sporulate  readily 
after  a  few  days'  growth  on  agar.  It  was  sluggishly  motile.  The  organ- 
ism produced  no  gas  on  dextrose,  levulose,  lactose,  or  saccharose  bouillon. 
It  grew  luxuriantly  on  agar  slants  and  plates  forming  a  dense,  opaque, 
white,  dry,  and  wrinkled  surface.  It  produced  acid  on  dextrose  and  sac- 
charose. On  peptone  bouillon  it  produced  neither  hydrogen  sulphide  nor 
mercaptan  nor  indol  nor  skatol.  It  produced  volatile  fatty  acids,  appar- 
ently chiefly  butyric  acid,  after  several  days*  growth  on  peptone  bouillon. 
It  also  produced  ammonia.  Two  cubic  centimeters  of  the  bouillon  culture 
ineculated  into  the  femoral  vein  of  a  rabbit  produced  no  gas  and  failed 
to  give  rise  to  the  very  characteristic  decomposition  induced  by  B.  aero- 
genes capsulatus.  In  this  experiment  the  organism  in  a  state  of  involu- 
tion was  found  in  moderate  ntunbers  in  the  spleen  but  it  had  failed  to 
grow  in  the  liver.  Two  cubic  centimeters  of  the  bouillon  culture  injected 
intraperitoneally  into  a  guinea-pig  gave  rise  to  no  s>Tnptoms.  The  organ- 
isms had  no  haemolytic  action  upon  blood  nor  did  they  show  any  capacity 
to  reduce  haemoglobin.  The  spores  formed  by  this  aerobic  organism  were 
oval  and  were  located  midway  between  the  middle  and  end  of  the  bacillus. 
No  capsule  was  observed  when  the  organism  was  grown  on  ordinary  media. 
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from  this  fact  that  we  cannot  safely  rely  upon  the  appearance 
of  the  Gram-stained  fecal  fields  as  a  certain  index  of  the  presence 
of  B.  aerogenes,  although  it  appears  probable  that  in  most  cases 
in  which  the  feces  show  an  abundance  of  bacilli  suggesting  this 
organism  the  true  B.  aerogenes  capsulatus  is  in  reality  present 
in  numbers  pointing  to  an  unphysiological  condition  of  the 
bacterial  flora. 

The  Growth  of  Micro-organisms  of  Capsulatus  Type  on  Sugar- 
Blood-Agar  Plates  under  Aftaerobic  Conditions, 

Perhaps  the  most  satisfactory  method  of  determining  the  pres- 
ence of  organisms  of  the  capsulatus  type  in  the  feces  is  that 
which  consists  in  growing  these  organisms  on  sugar-blood-agar 
plates.  This  method  not  merely  gives  evidence  as  to  the  presence 
of  the  bacteria  in  question,'  but  can  be  utilized  to  gain  a 
rough  idea  of  the  numbers  present  in  the  feces.  In  the  present 
instance  no  effort  was  made  to  get  an  idea  of  the  actual  numbers 
of  capsulatus  present  in  the  feces,  but  the  suspensions  of  fecal 
material  used  for  inoculating  the  sugar-agar  plates  were  so  em- 
ployed as  to  give  a  fair  basis  for  comparison  of  the  numerical 
results  in  pathological  and  normal  conditions.^  The  results  here 
given  relate  to  the  spores  and  spore-bearing  varieties  of  bacteria' 
in  the  feces  and  not  to  vegetative  forms,  for  the  suspensions  con- 
taining the  intestinal  flora  were  subjected  for  twenty  minutes  to 
a  temperature  of  80°  C.  in  order  to  eliminate  vegetative  forms  of 
bacterial  life.  In  each  case  duplicate  series  of  plates  were  made, 
one  series  being  incubated  under  aerobic  conditions,  the  other 
under  anaerobic  conditions.  A  satisfactory  state  of  anaerobiosis 
within  the  plates  was  obtained  with  the  aid  of  a  hydrogen  stream 
from  gas  stored  in  the  compressed  form  in  tanks.  The  pyrogallic 
acid  method  of  securing  absorption  of  oxygen  was  employed  as  an 
auxihary  procedure  to  get  rid  of  the  last  trace  of  oxygen  and  to 
indicate  the  conditions  within  the  bell- jar. 

The  results  obtained  in  this  way  are  given  in  the  accompanying 

« The  fecal  s\ispensions  were  made  in  approximately  the  same  way  in  the 
normal  and  pathological  cases,  and  the  inoculation  of  the  agar  plates  was 
made  with  quantities  of  the  fecal  suspension  designed  to  avoid  an  excessive 
number  of  anaerobic  colonies  on  the  plates. 
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tables,  where  the  presence  of  aerobic,  spore-bearing  organism  is 
indicated  in  addition  to  the  presence  of  anaerobes.  This  double 
procedure  is  of  value  because  it  has  occasionally  revealed  the 
presence  of  an  organism  resembling  capsulatus  in  morphology, 
and  which  makes  oval  spores,  but  grows  aerobically  as  well  as 
anaerobically  and  does  not  make  gas  in  the  manner  characteristic 
of  the  true  B.  aerogenes  capsulatus.^ 

Inspection  of  the  tables  shows  cleariy  the  difference  in  results 
yielded  by  material  from  normal  persons  as  compared  with  that 
derived  from  our  advanced  anaemias.  The  number  of  organisms 
of  the  capsulatus  type  found  on  the  anaerobic  plates  made  from 
material  from  persons  with  normal  digestion — that  is  with  little 
indication  of  putrefactive  decomposition — is  small  where  such 
organisms  were  found  at  all.  One  of  the  persons  selected  as  a 
control  showed  a  considerable  number  of  capsulatus  colonies 
(about  100  anaerobic  colonies  being  found  on  the  plate)  but  it 
should  be  noted  that  in  this  individual  putrefactive  disturbances 
are  of  frequent  occurrence  and  are  readily  induced  by  slight 
errors  in  diet.  A  considerable  number  of  capsulatus-like  organ- 
isms were  observed  on  the  plates  made  from  an  adolescent  patient 
with  advanced  diabetes  and  signs  of  impending  coma.  In  a 
number  of  instances  the  plates  from  the  controls  showed  no 
colonies  suggestive  of  capsulatus.  Plates  made  from  the  anaemia 
cases,  on  the  other  hand,  almost  without  exception  showed  the 
presence  of  capsulatus-like  colonies  and  often  these  were  numerous. 
In  one  of  the  cases  observed  by  us  a  distinct  fall  in  the  nimiber 
of  capsulatus-like  organisms  on  the  plates  was  observed  as  the 
patient  convalesced  and  the  same  observation  was  quite  inde- 
pendently made  on  this  patient  by  Professor  Theobald  Smith. 
Unfortunately  the  conditions  did  not  permit  us  to  study  all  our 
cases  in  this  manner  for  in  many  instances  they  came  under 
notice  only  after  treatment  had  been  commenced  and  the  original 
blood  picture  had  been  altered. 

In  conclusion  it  may  be  said  that  the  plate  method  has  con- 
firmed the  observations  already  made  from  the  study  of  the 
Gram-stained  fecal  bacterial  fields,  that  organisms  of  the  capsu- 
latus type  occurred  in  much  greater  abundance  in  the  feces  of 
persons  with  advanced  anaemia  than  in  those  of  normal  persons. 

« The  characters  of  this  organism  are  given  on  page  39,  footnote. 
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The  designation  "capsulatus  type*'  was  applied  to  colonies  on 
the  basis  of  the  appearance  of  the  colonies  and  the  morphological 
character  of  the  bacteria  composing  them.  In  some  cases  these 
bacteria  were  examined  with  respect  to  motility,  gas  production 
in  the  fermentation  tube,  gas  production  in  the  dead  rabbit, 
the  production  of  spores,  etc. 

ANiEMIA  CASES. 


Case 
No. 


I 

II 

III 

IV 

VI 

VII 

VIII 

IX 

X 

XII 

XIV 

XV 

XVI 


Aerobic  Plates 


No.  Colonies 
Present 


50 

Many 

Few 

30 
Few 


20 
Very  few 

F^w 

? 

Very  few 


Ca^ulattts 
Type 


? 

None 
•« 

Few? 

? 
None 


60  per  cent. 

None 
■t 

•t 

«< 


Anaerobic  Plates 


No.  Colonies 
Present 


60 

76 
400 

40 
100 
126 

Many 

<• 

40 

20 

16 

100 


Relative  No.  of  Cap- 
sulatus  Type 


60-dO  per  cent. 
Majority  examined 
60-dO  per  cent. 
Cap.  type  abundant 
60-60  per  cent. 
60-76    ••      " 
16-20    "      " 
Majority  examined 


<t 


60-80  per  cent. 
20-80 
20-26 
40-60 


CONTROL  CASES 


Aerobic  Plates 

Anaerobic  Plates 

Relative 

Cases 

No.  of  Colonies 

Capsulatus 
Type 

No.  of 

No.  of 

Present 

Colonies 

Capsulatus 

Present 

Type 

Chronic  intestinal  indigestion; 

male  aet.  6 

Few 

None 

> 

Few 

Normal  child,  age  2  mos. 

•t 

•• 

Many 

None 

Normal  child,  age  6  mos. 

•< 

? 

Few 

•t 

Chronic  indigestion,  malnutri- 
tion and  wght  anaemia:  girl, 

8  yrs. 

Few 

? 

Few 

None 

Anaemic  baby,  about  10  mos. 

Many 

Few 

26 

Less  than  5  per 
cent. 

Normal  child,  age  13  yrs. 

Many 

None 

Many 

Very  few 
20-30  per  cent. 

Man.  age  30  yrs. 

26 

Few 

100 

Man,  age  42  yrs. 

20 

•  t 

10 

None 

Girl,  age  10  yrs. 

10 

None 

Few 

•  t 

Man,  age  26  yrs. 

40 

«• 

40 

«< 

Advanced  diabetes;  boy,  age 

16  yrs. 

40 

•t 

75 

40-60  per  cent. 

Splenic  leucaemia,  male  22  yrs. 

Very  few 

? 

20 

None 

The  Incubation  Test  for  B,  Aerogenes  Capsulatus  in  the  Feces, 
In  their  classical  study  of  B.  aerogenes  capsulatus,  Welch  and 
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NuttalP  made  the  striking  observation  that  the  gas  bacillus 
has  the  faculty  of  producing  gas  abundantly  in  the  blood,  organs, 
and  tissues  of  rabbits  killed  a  few  minutes  after  intravenous 
injection.  Here  the  blood  and  tissues  of  the  rabbit  act  as  a 
peculiarly  favorable  culture  medium  for  the  growth  of  the  gas 
bacillus,  the  bacteria  having  been  thoroughly  spread  by  the  blood 
through  the  body  and  the  conditions  being  anaerobic.  Welch 
and  Nuttall  made  use  of  their  procedure  to  isolate  the  gas 
bacillus  and  to  demonstrate  its  ability  to  make  gas  on  a  proteid 
medium  containing  little  sugar. 

It  seems  singular  that  so  little  use  has  been  made  by  subsequent 
investigators  of  this  ingenious  and  extremely  valuable  method 
of  studying  the  gas  bacillus.  Acting  on  the  suggestions  carried 
by  the  paper  of  Welch  and  Nuttall,  we  have  used  the  method  not 
merely  as  an  aid  in  the  identification  of  B.  aerogenes  capsulatus 
but  also  (with  somewhat  unexpected  success)  as  a  means  of 
determining  whether  the  gas  bacillus  is  present  in  considerable 
numbers  in  the  feces. 

The  conditions  found  at  autopsy  after  twenty-four  hours' 
incubation  of  a  rabbit  previously  injected  intravenously  with  a 
pure  culture  of  B.  aerogenes  capsulatus,  have  been  so  fully  de- 
scribed by  Professor  Welch  that  it  is  unnecessary  to  add  any- 
thing to  his  description  aside  from  emphasizing  the  fact  that  the 
almost  intolerable  odor  of  putrefaction  which  is  developed  during 
the  incubation  experiment  is  dependent  in  part  on  the  production 
of  butyric  or  a  closely  allied  acid.^  It  should  also  be  added  that 
an  odor  very  similar  to  that  characteristic  of  *the  incubation  ex- 
periment can  be  observed  in  the  feces  of  some  persons  with 
chronic  disturbances  of  digestion,  and  frequently  in  persons  with 
advanced  anaemias  associated  with  irregular  diarrhceal  conditions. 

The  incubation  method  of  Welch  and  Nuttall  has  apparently 
never  been  employed  in  connection  with  the  study  of  the  human 
feces  but  I  believe  it  has  here  an  important  clinical  application. 
Although  it  is  true  that  B.  aerogones  capsulatus  can  be  isolated 
from  the  feces  of  a  majority  of  adult  individuals,  including  very 
many  who  are  in  excellent  health,  it  is  also  true  that  there  are  wide 

« Bull,  of  the  Johns  Hopkins  Hosp.,  iii,  p.  8i,  1892. 
•  I  do  not  know  of  an  equally  impressive  example  of  the  ability   of 
micro-organisms  to  induce  rapid  putrefactive  decomposition. 
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differences  in  the  number  of  capsulati  habitually  present  in  the  case 
of  different  individuals.  There  are  some  young  persons  between 
the  ages  of  five  and  twenty  years  from  whom  it  is  either  very 
difficult  to  obtain  B.  aerogenes  capsulatus  by  plating  or  whose 
movements  give  no  evidence  whatever  of  its  presence.  If  we  pre- 
pare a  suspension  of  the  feces  from  such  individuals  by  grinding 
I  gram  of  the  fresh  material  with  9  c.  c.  of  0.85  per  cent,  salt  solu- 
tion and  filtering  through  absorbent  cotton,  we  can  inject  intra- 
venously one  or  two  cubic  centimeters  of  this  suspension  into  a 
rabbit  and  then  incubate  the  quickly  killed  rabbit  for  five  hours 
at  37°  C.  without  obtaining  evidence  of  the  abundant  presence  of 
the  gas  bacillus.  On  opening  a  rabbit  which  has  been  thus  in- 
cubated, one  finds  none  of  the  signs  of  the  activity  of  the  gas 
bacillus — no  accumulation  of  gas  in  the  liver  or  vessels  or  in  the 
connective  tissues  or  serous  cavities.  Moreover  smears  made  from 
the  liver  blood  or  the  auricular  blood  either  do  not  show  the 
presence  of  capsulatus  at  all  or  these  organisms  are  present  only 
in  small  numbers.  If,  however,  the  foi  egoing  experiment  be  made 
with  the  fecal  material  derived  from  a  patient  with  pernicious 
anaemia  or  from  a  person  suffering  from  a  capsulatus  diarrhoea, 
one  generally  gets  an  entirely  different  result.  At  the  end  of  five 
hours  the  liver  is  soft  and  friable,  crepitates  between  the  fingers, 
and  on  section  shows  the  presence  of  many  bubbles  of  gas.  There 
may  also  be  a  small  accumulation  of  gas  in  the  peritoneal  cavity. 
Smears  from  the  hepatic  blood  and  from  the  auricular  blood 
swarm  with  organisms  of  the  capsulatus  type.  The  spleen  also 
contains  such  organisms  in  great  nimibers. 

The  following  protocols  are  instructive  in  this  connection. 

Experiment  i.  One  c.c.  of  a  filtered  fecal  stispension,  from  a  normal 
person  16  years  of  age,  almost  free  from  putrefactive  products  in  the 
urine,  was  injected  into  a  rabbit  which  was  immediately  killed  by  a  blow 
on  the  neck.  After  five  hours*  incubation,  the  animal  was  examined. 
Abdomen  distended  slightly  from  distension  of  large  intestine;  liver  firm, 
slightly  friable  and  free  from  gas.  A  stained  liver  smear  shows  a  few 
short  bacilli  (not  capsulatus).  Heart's  blood  shows  short  bacilli  in 
abimdance,  rarely  a  bacillus  of  capsulatus  type. 

Experiment  2.  Two  c.c.  of  filtered  fecal  suspension  from  a  healthy 
man  (aet.  42)  recently  recovered  from  universal  eczema,  were  injected 
intravenously  into  a  rabbit  which  was  then  promptly  killed  by  a  blow  on 
the  neck.     Animal  incubated  for  5  hours  at  37^C.     On  examination,  no 
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odor  of  butyric  decomposition ;  liver  firm  and  without  gas  bubbles.     Smear 
from  heart's  blood  showed  a  few  bacteria  of  capsulatus  type. 

Experiment  3.  Two  c.c.  of  filtered  fecal  suspension  from  a  healthy 
breast-fed  baby  were  infused  intravenously  into  a  rabbit  which  was  then 
promptly  killed.  Examination  afters  hours'  incubation  at  37**  C.  reveals 
no  odor  of  butyric  putrefaction  and  liver  is  firm  and  free  from  gas.  Smears 
from  the  heart's  blood  show  it  to  be  free  from  bacteria  of  anv  kind. 

These  experiments  may  be  contrasted  with  the  following: 

Experiment  4.  Two  c.c.  of  filtered  fecal  suspension  from  an  anasmic 
baby  with  irregular  diarrhcea  (Case  XVI  of  tables)  were  infused  intra- 
venously into  a  rabbit  which  was  then  promptly  killed  and  incubated 
jor  5  hours  at  37*0.  On  examination  the  tissues  gave  a  strong  butyric 
acid  odor.  Liver  soft,  friable,  and  filled  with  bubbles  of  gas.  Smears 
from  heart's  blood  show  a  great  abundance  of  bacteria  of  the  capsulatus 
type. 

Experiment  5.  One  c.c.  of  filtered  fecal  suspension  from  a  patient 
with  pernicious  ansmia  (Case  VII  of  tables)  was  infused  intravenously 
into  a  rabbit  which  was  then  incubated  for  5  hours  at  37°  C.  On  examina- 
tion the  abdomen  was  slightly  distended.  Characteristic  butyric  odor. 
Liver  crepitant,  contains  a  few  obvious  gas  bubbles.  Bacilli  of  capsulatus 
type  abundant  in  heart's  blood,  in  almost  pure  culture.  Capsulati  also 
abundant  in  liver. 

Experiment  6.  Two  c.c.  of  filtered  fecal  suspension  from  a  patient 
with  pernicious  ansemia  (Case  I  of  tables)  whose  f^ces  contained  a  great 
abundance  of  free  (capsulatus?)  spores  were  injected  intravenously 
into  a  rabbit  which  was  incubated  at  37®  C.  for  24  hours.  At  autopsy  the 
animal  was  greatly  distended  with  gas,  and  bloody  fluid  was  oozing  freely 
from  nose,  mouth,  etc.  Gas  escaping  from  abdominal  cavity  bums  with 
blue  flame.  Extremely  offensive  odor  of  butyric  decomposition.  Tissues 
in  advanced  state  of  putrefactive  liquefaction.  Blood  from  heart  shows 
bacilli  of  capsulatus  type  to  be  extremely  abtmdant.  Most  of  these  were 
Gram-positive  and  occurred  characteristically  in  diplobacillus  form,  but 
there  were  also  many  long  threads  which  were  doubtless  capsulati. 
Gram-negative  forms  also  occur  and  of  these  one  variety  was  especially 
prominent.  This  was  a  long  organism  bearing  a  large  spore  near  either 
end.  It  is  probably  to  be  regarded  as  a  young  form  of  capsulatus  about 
to  tmdergo  division  midway  between  the  spores.  This  organism  was 
Gram-negative. 

The  foregomg  experiments  are  typical  of  a  large  group  and 
show  plainly  enough  the  difference  in  capsulatus  activity  in  the 
case  of  material  derived  from  normal  and  pathological  feces.  It 
appears  to  be  true  that  a  10  per  cent,  suspension  of  feces  does 
not  excite  an  active  formation  of  gas  in  the  liver,  if  the  material 
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injected  has  been  derived  from  persons  free  from  intestinal 
derangements,  and  with  scanty  evidences  of  putrefactive  prod- 
ucts in  the  urine.  On  the  other  hand,  material  from  persons 
whose  stools  contain  an  abundance  of  capstilatus  (including  a 
large  proportion  of  persons  suflEering  from  "primary"  pernicious 
anaemia)  induces  with  great  regularity  the  peculiar  alterations 
in  incubated  rabbits  which  have  been  already  described.  The 
short  period  of  time  (four  to  six  hours)  which  is  required  to  bring 
about  the  liberation  of  gas  in  the  liver  is  a  point  worthy  of 
notice.  Another  fact  of  interest  and  importance  is  that  this 
gas  production  is  very  characteristic  of  B.  aerogenes  capsulatus. 
Experiments  made  with  ptire  cultures  of  B.  putrificus,  with  the 
bacillus  of  malignant  oedema,  and  with  an  aerobic  spore-bearer 
resembling  B.  aerogenes  capstilatus  entirely  failed  to  show  the 
liberation  of  gas  in  the  liver  or  the  multiplication  of  these 
organisms  in  incubated  rabbits. 

The  selective  action  of  the  dead  organism  for  B.  aerogenes 
capsulatus  is  certainly  a  striking  feature.  The  infusion  of  any 
fecal  suspension  means  the  introduction  of  many  varieties  of 
living  bacteria.  Yet  after  a  few  hours  of  incubation  in  the  dead 
rabbit  the  ntunber  of  micro-organisms  in  the  blood  has  been  nar- 
rowed either  to  capsulatus  alone  or  to  capsulatus  and  one  or 
two  companions — often  positive  diplococci,  sometimes  spore- 
bearing  bacilli  resembling  capsulatus  but  not  positively  identified. 
A  longer  period  of  incubation  usually  eliminates  from  the  blood 
all  organisms  except  those  of  the  capsulatus  type.  The  initial 
bactericidal  power  of  the  blood  and  cell  juices  may  sufiicc  to 
kill  many  of  the  bacteria  of  the  feces,  while  the  strict  anaerobic 
conditions,  so  necessary  to  the  multiplication  of  capsulatus,  in 
itself  cuts  out  many  varieties. 

It  is  believed  that  the  more  refined  application  of  this  method 
to  the  study  of  the  feces  will  prove  of  clinical  value  in  several 
directions.  It  may  also  prove  of  utility  in  the  study  of  milk. 
If,  as  seems  probable,  B.  aerogenes  capsulatus  is  really  identical 
with  the  grantdo-bacillus-immobilis  liquefaciens  of  Grassbei^er 
and  Schattenfroh,  (as  is  claimed  by  some  observers  and  denied 
by  others,  including  Fraenkel),  this  method  may  prove  helpful  in 
connection  with  the  study  of  some  diarrhoeal  diseases  which  have 
been  attributed  to  the  use  of  infected  milk. 
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There  is  reason  to  think  that  the  fecal  suspensions  from  many 
persons  in  good  health  would  induce  gas  production  in  incubated 
rabbits,  since  the  feces  of  many  apparently  normal  persons 
contain  moderate  numbers  of  B.  aerogenes  capstilatus.  The 
difference,  as  regards  the  outcome  of  the  incubation  experiment, 
between  the  flora  of  these  persons  and  the  flora  of  persons  with 
capsulatus  infections  is  probably  one  of  degree  and  not  of  kind. 
Some  idea  of  the  relative  numbers  of  capsulati  present  might 
perhaps  be  gained  by  determining  the  smallest  volume  of  a  given 
fecal  suspension  that  will  just  suffice  to  induce  the  distinctive 
gas  production  in  incubated  rabbits  within  a  given  time.^ 

Pathogenicity. — Opinions  differ  rather  widely  as  to  the  patho- 
genic properties  of  B.  aerogenes  capstilatus  for  man  and  animals. 
Professor  Welch,^  who  iSrst  discovered  the  organism  in  connection 
with  htunan  surgical  infections,  was  disposed  to  regard  it  as  not 
being  ordinarily  highly  pathogenic.  In  reference  to  healthy 
rabbits  he  says  we  cannot  regard  this  bacillus  as  being  patho- 
genic under  ordinary  conditions.  Dunham,^  who,  in  the  course 
of  his  clever  investigations  on  B.  aerogenes  capsulatus,  discovered 
its  ability  to  make  spores,  ascribes  a  greater  degree  of  pathogenic 
action  to  the  micro-organism  with  which  he  worked — ^these 
bacteria  also  having  been  derived  from  cases  of  surgical  infection. 

>In  one  set  of  experiments,  it  was  foiind  that  8  c.c.  of  a  fecal  suspension 
(z  gram  in  lo  c.c.  of  0.85  per  cent,  salt  solution)  could  be  intravenously 
infused  without  any  development  of  gas  on  incubation  of  the  infused 
rabbit.  Larger  volumes  of  the  suspension  could  not  be  infxised  without 
causing  death  from  mechanical  catises.  The  material  employed  was 
obtained  from  a  healthy  bottle-fed  infant  in  whose  fecal  fields  no  organ- 
isms even  remotely  resembling  B.  aerogenes  capsulatus  could  be  seen. 
Free  spores  were  also  apparently  absent.  On  the  other  hand,  the  infusion 
of  a  fecal  emulsion  from  a  patient  with  pemiciotis  anaemia  gave  the  typical 
gas  production  in  the  liver  when  a  weight  equivalent  to  one-twentieth  of 
the  material  employed  in  the  foregoing  experiment  was  used.  Even  a 
quantity  of  feces  equivalent  to  one-fiftieth  that  used  in  the  first  series  of 
experiments  gave  rise  to  some  gas  in  the  liver  after  incubation  for  twenty- 
four  hours  at  room  temperattu^. 

s  "A  Gas-Producing  Bacillus  (Bacillus  Aerogenes  Capsulatus,  Nov.  Spec.) 
Capable  of  Rapid  Development  in  the  Blood- Vessels  after  Death/'  by 
Wm.  H.  Welch  and  Geo.  A.  F.  Nuttall,  Bull,  of  the  Johns  Hopkins 
Hosp.,  No.  24,  July-August,  1892. 

*  ''Report  of  Five  Cases  of  Infection  by  the  Bacillus  Aerogenes  Capsu- 
latus (Welch)/*  Bull,  of  the  Johns  Hopkins  Hosp,,  No.  73,  April,  1897. 


48        Bacterial  Processes  in  Advanced  Anaemia 

Grassberger  and  Schattenfroh,  whose  granulo-bacillus  saccharo- 
butyricus  immobilis  liquefaciens  was  derived  from  milk  and  is 
regarded  by  Welch,  Kamen,  and  others  as  identical  with  B. 
aerogenes  capsulatus,  found  it  to  be  non-toxic  for  guinea-pigs. 
Kamen  ^  although  unable  to  obtain  powerful  toxins  on  ordinary 
culture  media,  regards  B.  aerogenes  capsulatus  as  capable, 
by  itself,  of  exciting  inflammatory  purulent  processes.  It  is 
certain  that  there  are  various  strains  of  B.  aerogenes  cap- 
sulatus as  regards  pathogenicity  and  that  the  different  results 
obtained  by  different  investigators  with  respect  to  that  feature 
are  due  to  this  fact.  Cultures  of  B.  aerogenes  capsulatus  made 
by  Mr.  Ward  from  the  feces  of  a  young  man  with  slight  digestive 
derangement  and  from  material  derived  from  a  case  of  per- 
nicious anaemia  were  injected  into  the  breast  muscles  of  pigeons 
(according  to  a  suggestion  from  Dr.  Flexner,  who  had  found  these 
animals  to  be  especially  susceptible).  The  cultures  set  up  a 
localized  necrotic  inflammation  with  gas  production  in  the  con- 
nective tissues.  Death  occurred,  apparently  from  toxaemia, 
within  twenty-fotir  hours.  The  application  of  these  facts  to 
capsulatus  infection  of  the  intestine  is  not  now  clear.  It  is  certain 
that  the  pathogenicity  of  B.  aerogenes  capsulatus  is  different  for 
different  strains  isolated  from  the  human  digestive  tract.  Thus, 
Professor  Theobald  Smith  sent  us  an  organism  (anaerobe  xxxi) 
which  he  isolated  from  the  stool  of  a  patient  with  pernicious 
anaemia  and  which  proved  to  be  much  less  pathogenic  for  guinea- 
pigs  than  the  typical  form  of  B.  aerogenes  caspulatus.  This 
organism  differed  but  slightly  from  the  typical  bacillus  in  its 
morphology,  but  showed  the  important  peculiarity  of  being  non- 
haemolytic.  It  fermented  the  various  sugars,  but  the  gas  produc- 
tion was  less  abundant  than  in  the  case  of  the  typical  gas  bacillus. 
The  gas  production  and  decomposition  induced  in  an  incubated 
rabbit  were  also  less  pronounced  than  in  the  case  of  the  typical 
B.  aerogenes  capstdatus. 

Agglutination. — A  single  observation  was  made  by  Mr.  Ward 
on  the  blood  serum  from  a  patient  with  pernicious  anaemia  (and 
capsulatus  infection  of  the  intestine)  with  respect  to  a  possible 

1  "Zur  Aetiologie  der  Gasphlegmone,"  CentralbL  f.  Bakt.  eUf,,  I  Abt., 
Orig.,  XXXV,  No.  6,  pp.,  554,  686,  1904. 
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agglutination  action.  The  results  were  entirely  n^ative.^  It  is 
interesting  to  note  in  this  connection  that  Kamen^  obtained  no 
agglutinative  action  from  the  serum  of  rabbits  which  had  been 
immunized  with  the  gas  bacillus.  Positive  results  have,  however, 
been  recently  obtained  by  Werner^  who  employed  a  special 
technical  procedure  in  the  immimization  of  the  rabbits  which 
served  as  experimental  animals.  The  immune  sertmi  caused 
agglutination  of  the  homologous  gas-phlegmon  bacilli  (derived 
from  a  gas  liver  foimd  in  a  fatal  case  of  wound  infection)  in  a 
dilution  of  1:1000.  Passini*  obtained  positive  results  in  some 
of  his  cases  not  only  with  homologous  strains  but  also  with 
imrelated  ones.  In  this  case,  however,  the  agglutinative  action 
of  the  inmiime  serum  was  less  marked  than  in  the  case  of  the 
sera  obtained  by  Werner.  It  is  evident  that  there  is  still  much 
to  be  learned  in  relation  to  the  immunizing  action  of  B.  aerogenes 
capsulatus  and  that  such  an  action  in  man  may  yet  be  discovered. 

Sumtnary  of  the  Leading  Characteristics  of  Micro-organisms  of  the 
B.  Aerogenes  Capsulatus  Type  Derived  from  Human  Feces. 

The  following  is  a  stmimary  of  the  leading  characteristics  of 
the  micro-organisms  which  have  been  referred  to  in  this  paper 
as  belonging  to  the  B.  aerogenes  capsulatus  ''type."  By  no 
means  all  of  these  characteristics  have  been  established  for  the 
suspected  capsulatus  micro-organisms  from  each  case  of  saccharo- 
butyric  putrefaction  which  has  been  studied,  but  a  sufficient 
ntmiber  of  characters  have  been  determined  to  show  that  we  have 
been  dealing  with  bacteria  either  identical  with  those  described 
by  Welch  imder  the  name,  B.  aerogenes  capsulatus,  or  so  closely 
affiliated  as  to  fully  justify  us  in  classifying  them  as  examples 
of  this  micro-organism.  The  expression  "capsulatus  t)rpe"  is 
used  because  there  are  sub-varieties  of  the  micro-organism 
described  by  Professor  Welch.     The  most  important  sub- variety 

^Prof.  Theobald  Smith  tells  me  that  he  obtained  negative  results  in 
agglutinative  tests  made  with  the  blood  of  a  patient  with  pernicious 
aosmia  who  showed  large  numbers  of  B.  aerogenes  capsolattis  in  the 
feces. 

*Loc,  cit. 

*  **  Die  Agglutination  bei  Gasphlegmonbacillen,"    Arch.  /.  Hyg.^  liii,  p. 

xa8,  1905. 

«  Munch,  med,  Wochenschr,  li,  p.   1283,  1904* 
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at  present  known  to  us  is  the  one  above  described  as  being  ncm- 
hsemolytic  in  action  and  less  pathogenic  for  gtiinea-pigs  than  the 
common  form  of  the  organism.  The  capacity  of  the  bacillus  to 
hsemolyse  or  its  failure  to  do  so  may  prove  to  be  especially 
significant  in  relation  to  the  etiology  of  anasmia. 

The  organisms  we  have  classed  as  belonging  to  the  B.  aerogenes 
capstilatus  type  are  large,  plump,  usually  straight  bacilli,  which, 
as  they  occur  in  the  feces,  can  usually  be  shown  to  be  provided 
with  a  capsule.  Oi^anisms  which  have  developed  in  a  living 
or  dead  rabbit  always  acquire  capsules.  The  organisms  occur 
very  often  in  pairs,  end  to  end,  sometimes  singly ;  sometimes  in 
chains;  sometimes  as  threads,  which  may  be  nearly  straight  or 
sharply  bent  on  themselves.  The  ends  of  adjacent  bacilli  are 
slightly  rounded  or  squared,  though  not  so  sharply  squared  as 
in  the  case  of  anthrax  bacilli.  They  are  inmiobile  when  viewed 
in  hanging  drops.  Spore  formation  occurs  with  diflSculty;  i.e,, 
chiefly  under  very  special  conditions,  such  as  on  a  medium  con- 
taining blood  serum  or  within  the  body  of  an  animal.  Occa- 
sionally spore  formation  is  seen  in  blood-agar  colonies,  the  bacilli 
from  which  in  other  respects  conform  to  the  characters  of  B. 
aerogenes  capsulatus.  On  sugar-bouillon,  gas  formation  is 
abundant  and  rapid,  twice  as  much  gas  (or  more)  being  formed 
in  twenty-four  hours  as  is  usually  formed  by  organisms  of  the 
B.  coli  group.  The  gas  consists  of  from  one-third  to  one-half 
carbon  dioxide,  the  remaining  gas  consisting  mainly  of  hydrogen.^ 

>Prof.  Theobald  Smith  gives  the  following  gas  formula  for  B.  aerogenes 
capeulatus:    ^-^-| 

The  following  table  illustrates  the  approximate  ratio  of  hydrogen  and 
carbon  dioxide: 


Source  of  Micro-orsanism 

Medium 

Height  of  Gas  Column  in 
MiUuneten  (  ina4  hoxxn) 

H 
CXD, 

1.  Young  man  with  slight  di- 
gestive derangement 

Milk 

Dextrose- 
bouillon- 
blood. 

87 
7 
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The  gas  production  in  incubated  rabbits  is  very  rapid  and  is 
associated  with  a  characteristic  sweetish,  sickening  odor  of  butyric 
acid  mixed  with  some  unknown  constituent  or  constituents.  The 
gas  obtained  from  the  peritoneal  cavity  and  coimective  tissues 
gives  the  hydrogen  "bark"  and  bums  with  a  blue  flame.  The 
liquefaction  of  muscles,  liver,  etc.,  is  remarkably  rapid  in  such 


Source  of  Micro-organism 

Medium 

Height  of  Gas  Column  in 
MilUmeten  (in  24  hours) 

H 
CO, 

2.   Same  case  as  No.  z 
««        II            II 

Milk 
Dextrose- 

bouillon- 

blood 

76 
80 

3.  Pemiciotis  an»mia 

(Case  IX  of  tables) 
II            <i 

Milk 

Dextrose- 
bouillon- 
blood 

60 
76 

4.  Pernicious  axuemia 
(Case  XII  of  tables) 

Milk 

70 

5.  Pernicious  aiUBmta 
(Case  VI  of  tables) 

•1            <i 

Milk 
II 

100 
86 

6.  Pernicious  anaBtnia 
(Case  VIII  of  tables) 

Milk 

90 

7.  Same  case 

Milk 

84 

8.  Aerobic  capsulate  bacillus 

Milk 

87 

9.  Milk  bacillus 

Milk 

90 

10.  Milk  bacillus 
II        II 

Milk 
II 

86 
86 
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incubated  rabbits.  Grown  on  pasteurized  milk,  the  bacteria  in 
question  induce  rapid  gas  formation  (''stormy  fermentation") 
with  disruption  of  curds  into  small  masses.  They  do  not  quickly 
produce  hydrogen  sulphide  or  methyl  mercaptan  on  ordinary 
sugar-free  media  but  may  perhaps  make  these  sulphur  compounds 
more  readily  on  milk.  Grown  in  fermentation  tubes  containing 
blood  bouillon,  they  rapidly  liberate  haemoglobin.^  The  organ- 
isms are  strictly  anaerobic  and  many  of  their  colonies  on  blood 
agar  appear  after  two  or  three  days  as  minute  points  which  lie 
beneath  the  surface  and  develop  into  fuzzy  spheres.  These 
spherical  colonies  often  have  dark  centres.  The  micro-organisms 
induce  inflammatory  necrotic  changes  with  gas  formation  when 
injected  into  susceptible  animals,  such  as  pigeons. 

Asi  first  shown  by  Prof.  Theobald  Smith,  B.  aerogenes  cap- 
stilatus  usually  grows  readily  on  bouillon  in  the  closed  arm  of 
the  fermentation  tube  provided  small  bits  of  sterile,  fresh  tissue 
are  introduced  into  it.  The  liver  of  the  guinea-pig  may  advan- 
tageously be  used.  The  presence  of  the  tissue  probably  favors 
the  growth  in  two  ways :  by  furnishing  a  constituent  of  the 
mediimi  necessary  for  the  growth  of  the  organism,  and  by  in- 
ducing a  more  strict  condition  of  anaerobiosis  by  the  reducing 
activity  of  the  cells. 

On  the  Significance  of  Excessive  Saccharo-butyric  or  Capsulatus 
Fermentation  and  Putrefaction  in  the  Human  Intestine, 

Evidence  has  been  advanced  in  the  preceding  pages  to  show 
that  the  regular  presence  of  B.  aerogenes  capsulatus  (or  organisms 
of  this  type)  in  large  numbers  in  the  intestinal  tract  is  a  charac- 
teristic of  certain  cases  of  advanced  apparently  primary  anaemias, 
whereas  in  ideal  conditions  of  human  digestion  it  is  present  in 
small  ntimbers  only  or  is  not  detectable  by  ordinary  methods. 
It  has  further  been  shown  that  in  the  group  of  anaemias  in  ques- 
tion the  representation  of  B.  coli  in  the  feces  has  in  most  instances 
been  unsatisfactory.  We  are  now  in  a  position  to  discuss  the 
biological  meaning  of  this  overgrowth  of  organisms  of  the  cap- 
sulatus type  and  subordination  of  the  B.  coli  group. 

>  As  already  noted  in  the  preceding  pages,  there  is  a  non-hsemolytic 
variety  of  B.  aerogenes  capsulatus. 
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If  we  ctiltivate  B.  aerogenes  capsulatus  on  sugar  bouillon  we 
find  that  it  is  a  large  producer  of  gas  (mainly  hydrogen  and  carbon 
dioxide)  and  that  it  makes  butyric  and  closely  related  acids  in 
abundance,  while  the  formation  of  lactic  acid  is  small.  On  media 
which  contain  very  little  sugar  but  much  proteid,  the  organism 
is  still  able  to  make  gas  in  considerable,  amounts,  though  less 
freely  than  on  a  sugar  medium,  in  which  the  liberation  of  gas 
is  remarkably  rapid.  In  nearly  sugar-free  media  the  gas  bacillus 
produces  butyric  acid  and  the  quantity  of  this  in  old  ctiltures  may 
be  surprisingly  great.  Ammonia  is  formed  at  the  same  time  and 
serves  to  neutralize  at  least  in  part  the  acid  which  is  simul- 
taneously made.  The  organism  may  apparently  also  produce  a 
large  quantity  of  indol  on  a  suitable  medium.  Thus  in  a  sterilized 
egg-meat  medium  after  a  growth  of  one  month  at  37°  C,  100  c.c. 
of  the  filtered  culture  contained  16  milligrams  of  indol,  but  no 
skatol.^  The  egg  and  meat  had  undergone  gradual  solution  and 
peptonization.  Professor  Theobald  Smith  tells  me  he  regards 
the  absence  of  indol  production  as  characteristic  of  most  strains 
of  B.  Welchii,  although  other  strains  produce  it  (for  example  one 
derived  from  a  rabbit  gave  indol). 

More  important  for  the  pathologist  than  any  of  these  sub- 
stances is  the  formation  of  a  moderately  haemolytic  substance 
or  substances  by  the  gas  bacillus.  Evidence  of  such  substances 
was  obtained  in  a  five-day  culture  of  capstilatus  in  blood  bouillon. 
One-half  of  one  cubic  centimeter  of  the  filtrate  from  this  culture 
induced  haemolysis  in  a  suspension  of  rabbit's  red  cells  prepared 
by  Ehrlich*s  method,  the  filtrate  having  been  carefully  neutralized 
to  the  litmus  point.  The  same  result  was  obtained  in  the  case 
of  red  cells  from  a  large  Rhesus  monkey.  Treatment  of  this 
filtrate  in  an  exhaustion  apparatus  very  slightly  reduced  the 
haemolytic  action;  heating  to  70°  C.  for  one  hour  reduced  it  still 
further;  but  even  boiling  did  not  wholly  destroy  it. 

In  order  to  determine  whether  this  haemolytic  action  was 
dependent  in  part  on  volatile  ammonium  compounds,  the  capsu- 
latus filtrate  was  rendered  distinctly  alkaline  with  sodium 
carbonate  and  concentrated  imder  reduced  pressure  at  a  low 
temperature  for  the  removal  of  ammonia.    The  filtrate  was  then 

>This  culttire  contained  besides  B.  aerogenes  capsulattis  small  numbers 
of  a  diplococcus. 
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restored  to  its  original  voltune  by  the  addition  of  0.85  per  cent, 
salt  solution.  It  was  fotind  that  the  haemolytic  action  of  the 
fluid  was  somewhat  diminished  but  not  lost. 

The  haemolysing  action  of  B.  aerogenes  capsulatus  is  very 
clearly  shown  in  fermentation  tubes  containing  sugar-blood 
bouillon  which  have  been  inoculated  with  pure  cultures.  A  free 
liberation  of  haemoglobin  occurs  in  twenty-four  hours  or  less. 
A  similar  result  is  seen  in  the  case  of  an  aerobic  organism  closely 
resembling  B.  aerogenes  capsulatxis  in  morphology.  The  bacillus 
of  malignant  oedema  does  not  exert  a  haemolysing  action  tinder 
similar  conditions.  B.  putrificus  was  found  to  reduce  haemo- 
globin, but  this  change  is  much  less  marked  in  the  case  of  B. 
aerogenes  capsulatus. 

There  are  other  indications  that  B.  aerogenes  capstilatus  makes 
a  haemolytic  substance  or  substances.  Rabbits  injected  with 
pure  cultures  of  B.  aerogenes  capstilatus  and  then  incubated  at 
37®*  C.  soon  show  indications  of  haemolysis,  whereas  control 
animals  subjected  to  the  same  procedure  do  not  exhibit  an  equal 
degree  of  haemolytic  change  in  the  same  period  of  time.  This 
corresponds  with  the  observation  that  advanced  haemolysis  is 
usually  noted  in  persons  who  at  autopsy  show  signs  of  general 
invasion  of  the  gas  bacillus. 

We  have  then  in  the  gas  bacillus  an  organism  which  gives 
rise  to  a  distinctive  type  of  decomposition,  characterized  by 
abundant  gas  formation,  the  production  of  butyric  acid,  and  the 
formation  of  haemolytic  substances  of  partly  unknown  nature. 
On  many  media  the  organism  produces  a  slightly  sweetish, 
sickening  odor,  which  is  highly  characteristic  and  which  may 
be  intense. 

In  persons  whose  intestinal  contents  hold  the  living  gas  ba- 
cillus in  large  numbers  we  find  definite  evidence  of  the  saccharo- 
butyric  type  of  fermentation,  especially  the  production  of  gas 
in  the  colon  (or  higher  up)  and  the  formation  of  butyric  acid. 
It  has  already  been  pointed  out  that  butyric  or  allied  volatile 
fatty  acids  are  formed  in  abimdance  in  some  cases  of  pernicious 
anaemia  in  which  flatulence  is  also  common.  This  saccharo- 
butyric  type  of  fermentation  may  probably  persist,  associated 
with  notable  flatulence,  for  many  years  without  the  development 
of   a   marked    anaemia.     When   dependent    on    B.    aerogenes 
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capsulatus,  the  flatus'may  have  the  peculiar  sickening,  sweetish 
odor  which  I  have  just  mentioned  or  a  garlic-like  odor  noted  in 
certain  cultures  of  capsulatus. 

It  is  not  yet  clear  whether  the  oiganism  makes  a  substance 
capable  of  exciting  an  acute  inflammation  of  the  ileum  or  colon 
or  whether  preceding  mechanical  or  chemical  irritation  is  neces- 
sary to  enable  the  organism  to  multiply  rapidly  and  excite 
further  inflammation.  Healthy  monkeys  may  be  fed  consider- 
able numbers  of  capsulati  without  developing  signs  of  inflamma- 
tion in  the  intestine,  although  such  feeding  is  followed  by  an 
increase  in  these  organisms  in  the  feces.  Two  monkeys  fed  on 
gas  livers  from  incubated  rabbits  infused  with  pure  culttires  of 
B.  aerogenes  capstilatus  developed  soft  stools  temporarily. 
Such  experiments  are,  however,  quite  different  from  the  experi- 
ment of  introducing  capsulati  into  a  digestive  tract  already 
somewhat  inflamed  and  irritable  in  consequence  of  preceding 
infections.  The  ability  of  B.  aerogenes  capsulatus  to  cause  an 
inflammatory  necrotic  process  in  the  muscles  of  guinea-pigs  and 
pigeons,  which  was  noted  by  Dr.  Flexner  many  years  ago,  is  of 
interest  in  this  relation.  It  appears  probable  that  B.  aerogenes 
capsulatus  is  of  ten  the  cause  of  slight  inflammatory  or  perhaps 
even  necrotic  changes  in  the  mucous  membrane  of  the  intestine. 
Howard^  has  described  instances  of  superficial  necrosis  of  the 
mucous  membrane  of  the  stomach  and  intestine,  associated  with 
the  presence  of  capsulatus  in  abundance  These  necrotic  areas 
most  often  lie  beneath  the  folds  of  the  valvula  conniventes  and 
may  occur  with  gas  cysts.  It  does  not  seem  likely  that  B. 
aerogenes  capsulatus  is  responsible  for  severe  acute  inflammatory 
lesions  of  the  intestine,  but  it  is  probable  that  its  activities  will 
account  for  the  subacute  enteritis  that  is  so  often  present  in 
cases  that  show  large  numbers  of  the  bacilli  in  the  stools.  It  is 
certain  that  there  are  many  instances  of  acute  diarrhoea  as- 
sociated with  very  free  capsulatus  multiplication  and  such 
diarrhoeas  are  common  in  persons  with  severe  primary  anaemia. 
In  one  of  our  cases  the  disease  set  in  soon  after  a  period  of 
intestinal  diarrhoea   contracted  during   the  stimmer,  and  this 

>  Contributions  to  the  Science  of  'Medicine,  Dedicated  by  his  Pupils  to 
William  Henry  Welch  on  the  25th  Anniversary  of  his  Doctorate^  Baltimore, 
1900,  p.  461. 
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diarrhoea  has  been  etiologically  connected  with  the  capsulatus 
infection. 

The  saccharo-butyric  putrefactive  process  in  the  intestine, 
when  active,  is  associated  with  an  abundant  liberation  of  gas, 
consisting  lai^ely  of  hydrogen.  It  therefore  appears  safe  to 
attribute  to  B.  aerogenes  capsulatus  much  of  the  intestinal 
flatulence  which  is  noted  in  persons  suflfering  from  digestive 
derangements  characterized  by  the  presence  of  capsulatus  in 
great  abundance.  A  breast-fed  child  (in  the  case  of  Dr.  Holt), 
suffering  from  chronic  capsulatus  diarrhoea,  was  greatly  troubled 
by  flatulence  until  it  received  a  milk  containing  less  sugar. 
The  ability  of  capsulatus  to  liberate  hydrogen,  even  on  media 
containing  little  carbohydrate  material  is  one  evidence  of  excep- 
tional reducing  power  and  I  am  disposed  to  connect  this  reducing 
power  with  an  important  though  somewhat  obscure  characteristic 
of  the  feces  in  advancd  anaemias. 

It  has  already  been  noted  that  among  our  cases  of  anaemia 
there  were  few  which  did  not  give  a  strong  mercuric  chloride 
reaction  in  the  feces,  a  reaction  attributable  to  hydrobilirubin. 
As  I  have  met  with  the  strongest  bichloride  reactions  in  cases 
where  capsulatus  was  very  abtmdant  in  the  feces,  I  am  inclined 
to  believe  the  reduction  of  bilirubin  to  hydrobilirubin  is  effected 
in  these  cases  with  the  help  of  capsulatus.  It  has  not  yet  been 
possible,  however,  to  induce  the  reduction  of  bilirubin  to  hydro- 
bilirubin experimentally  by  means  of  capsulatiis  activity, 
possibly  because  this  reduction  requires  a  symbiotic  action  not 
yet  reproduced.^* 

The  fecal  extracts  obtained  from  many  persons  with  **  primary  *' 
pernicious  anaemia  or  with  certain  chronic  intestinal  derange- 
ments may  exhibit  distinct  haemolytic  action  toward  the  red 
cells  of  rabbits  and  monkeys,  and  in  some  cases  this  action  is 
pronounced.^  On  the  contrary  the  fecal  extracts  from  healthy 
children  on  mixed  diet  may  exhibit  no  appreciable  haemolytic 
action.    The  cause  of  the  haemolytic  action  just   mentioned  is 

>  Probably  two  factors  are  necessary  to  secure  a  highly  excessive 
hydrobilirubin  reaction :  (a)  excess  of  bilirubin  in  the  bile,  (b)  excessive 
redudng  action  of  bacteria  in  the  intestine. 

s  In  cases  where  the  fecal  extracts  are  deeply  colored  it  is  difficult  to 
judge  accurately  of  the  hemolytic  action. 
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not  yet  clear.  Indol  may  be  present  in  considerable  quantities 
in  the  intestine  and  its  solutions  exhibit  a  slight  haemolytic 
action  for  rabbits.  Ammonium  compounds  are  also  frequently 
present  in  moderate  amounts,  and  it  is  well  known  that  such 
compounds  have  haemolytic  properties.  In  saccharo-butyric 
putrefaction  anunonium  butyrate  may  perhaps  be  formed  in 
sufficient  amount  to  cause  some  haemolysis  within  the  intestinal 
capillaries,  and  to  contribute  to  the  haemolytic  action  of  the 
fecal  extracts.  But  it  is  also  possible  that,  as  already  stated,  B. 
aerogenes  capsulatiis  forms  some  complex  oiganic  haemolytic 
substance.  Much  more  careful  investigation  of  this  point  is 
necessary  before  drawing  any  conclusions  as  to  its  possible 
pathological  significance. 

The  relation  of  capsulatus  to  the  formation  of  indol  in  the 
intestine  is  not  clear.  Ordinarily  the  organism  appears  not  to  be 
an  indol  producer.  In  some  of  the  anaemia  cases,  indol  formation 
in  the  intestines  has  not  been  a  marked  feature  although  capsu- 
latus was  abundant.  In  other  cases  large  amoimts  of  indol  have 
been  formed.  In  such  instances  we  may  either  have  to  do  with 
a  strain  of  capsulatus  which  is  a  good  indol  maker  or  with  the 
symbiotic  action  of  capsulatus  and  B.  coli  or  some  other  intes- 
tinal micro-oiganism.  I  am  inclined  to  believe  that  other 
bacteria  than  B.  aerogenes  capsulatus  are  generally  concerned 
in  putrefaction  when  indol  formation  is  large  in  the  gut. 

We  may  consider  now  some  of  the  conditions  of  the  intestinal 
tract  in  which  B.  aerogenes  capsulatus  is  present  in  excessive 
numbers  and  exerts  pathological  effects. 

Even  in  early  life  the  intestinal  tract  is  not  rarely  the  seat  of 
capsulatus  infection.  Careless  feeding  apparently  offers  the  con- 
ditions favorable  for  the  temporary  establishment  of  the  organism, 
which  manifests  itself  in  irr^ularities  of  the  bowels,  diarrhoea, 
movements  showing  saccharo-butyric  putrefaction,  and  ulti- 
mately anaemia.  In  Case  XIV  we  have  an  example  of  capsulatus 
infection*  in  a  young  child  fed  on  cow's  milk  in  which  a 
severe  form  of  anaemia  was  developed  in  the  course  of  a  few 
months.  Tissier^  has  described  an  intestinal  infection  in  breast- 
fed and  bottle-fed  children,  which  occurs  especially  in  warm 

>  Ann.  de  VInsU  Pasteur ,  xix,  p.  273,  1905. 
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weather.  The  disease  is  attributed  by  him  to  the  oiganism 
known  to  the  French  as  B.  perfringens.  It  appears,  however, 
that  B.  perfringens  is  identical  with  B.  aerogenes  capsulattis. 
It  appears  highly  probable  that  the  diarrhoeas  of  some  breast-fed 
infants  are  to  be  referred  to  capsulatus  infection. 

From  normal  infancy  and  child-life  to  the  time  of  adolescence 
the  movements  are  remarkably  free  from  B.  aerogenes  capstilatus. 
They  can  generally  be  isolated  even  from  such  material,  but  only 
in  such  small  niunbers  as  to  be  probably  insignificant  physiologi- 
cally and  pathologically.^ 

In  this  connection  it  should  not  be  forgotten  that  Klein 
isolated  from  the  feces  in  an  outbreak  of  diarrhoea  an  organism 
which  very  probably  is  identical  with  B.  aerogenes  capsulatus. 
This  organism  was  given  the  name  B.  enteritidis  sporogenes. 
The  position  of  the  oiganism  described  by  Klein  is  open  to  some 
suspicion  because  while  it  is  stated  by  him  to  produce  gas  and 
butyric  acid  in  the  very  characteristic  manner  observed  by 
Welch  and  Nuttall  for  B.  aerogenes  capsulatus  it  difiEers  from 
the  latter  in  having  motility  and  apparently  in  sporulating 
much  more  readily.  Cultures  sent  by  Dr.  Klein  to  Professor  Welch 
contained  bacilli  which  agreed  in  every  detail  with  pure  cultures 
of  B.  aerogenes  capsulatus.^  As,  however,  the  feces  sometimes 
contain  bacteria  having  the  morphology  of  B.  aerogenes  cap- 
sulatus but  differing  from  this  oiganism  in  forming  spores  much 
more  readily  it  is  possible  that  Klein  was  in  reality  dealing  with 
impure  cultures  of  B.  aerogenes  capsulatus. 

In  early  adult  life  B.  aerogenes  capstilatus  is  often  present  in  the 
intestine  in  considerable  numbers,  even  when  health  is  apparently 
good.  I  have  not,  however,  observed  any  instances  in  which  it  was 
very  prominent  among  the  fecal  bacteria  without  some  signs  of  in- 
testinal disturbance,  with  evidence  of  excessive  intestinal  putrefac- 
tion or  more  obvious  symptoms,  such  as  diarrhoea  and  flatulence.^ 

»  Hirshberg,  working  with  Professor  Welch,  found  the  organisms  to  be 
widely  distributed  in  the  intestines  of  animals. 

» See  Manual  of  Bacteriology  by  Muir  and  Ritchie,  American  Edition, 

1904,  p.  354- 
^  In  one  instance  which  has  come  under  observation  the  feces  contained 

abtmdantly  an  organism  appearing  to  be  B.  aerogenes  capsulatus,  although 

the  subject  was  not  ill  in  any  ordinary  sense.     The  subject  was  a  woman 
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There  are  many  persons  who  have  from  time  to  time  slight  diar- 
rhoeal  disorder  associated  with  a  great  temporary  abundance  of  B. 
aerogenes  capsulatus  and  streptococci  in  the  stools,  but  who  keep 
in  fair  health  for  years  in  spite  of  these  recurrent  seizures.  These 
persons  are  apt  to  develop  a  moderate  grade  of  anaemia  and  an 
intolerance  for  vegetable  acids  and  carbohydrates.  The  intoler- 
ance for  carbohydrates  is  probably  connected  with  the  presence 
of  capsulatus  in  the  small  intestine.  We  know  that  this  organism 
grows  readily  on  carbohydrate  media  and  it  is  likely  that  it 
intiltiplies,  in  many  persons,  in  the  small  intestine,  where  carbo* 
hydrates  have  been  freely  eaten.  The  descent  of  the  organism 
to  the  colon  in  large  ntunbers  is  followed  by  active  saccharo- 
butyric  putrefaction  and  its  consequences.  I  have  noticed  cap- 
sulatus growing  in  long  threads  in  the  feces  of  a  person  who 
had  diarrhoea  following  an  excessive  catbohydrate  meal.  This 
thread-like  development  may  also  be  observed  in  the  livers  of 
dead  rabbits  which  have  been  incubated  after  intravenous 
infusion  of  capsulatus.  In  both  cases  the  thread-form  is  attri- 
butable to  an  abundance  of  carbohydrate  pabulum. 

It  is  highly  probable  that  there  are  few  persons  who  do  not 
from  time  to  time  suffer  intestinal  derangements  connected  with 
over-multiplication  of  organisms  of  the  capsulatus  type  and  that 
normal  bacterial  conditions  are  in  most  cases  quickly  re-estab- 
lished, after  the  subsidence  of  these  seizures.  But  there  may 
also  come  a  time  in  the  life-history  of  an  individual  who  has  had 
these  seizures  repeatedly  when  the  capsulatus  organism  fixes 
itself  persistently  in  the  intestinal  tract  and  assumes  a  pseudo- 
parasitic  instead  of  a  saprophytic  relation  to  the  host.  The 
capsulatus  organism  is  then  found  to  be  abundantly  and  regu- 
larly present  in  the  movements.     Coincidently  there  is  a  decline 

eighty-five  years  of  age  in  a  remarkably  good  state  of  preservation. 
She  was  distinctly  feeble  and  felt  herself  growing  gradually  feebler,  but 
was  only  moderately  anaemic.  In  this  case  there  was  an  inclination  to 
constipation  and  the  urine  and  feces  were  uncommonly  free  from  putre- 
factive products.  It  should  be  noted,  however,  that  this  comparatively 
good  condition  was  maintained  only  by  the  utmost  moderation  in  diet, 
the  avoidance  of  sweets,  highly  seasoned  food,  etc.  Slight  indiscretions 
were  regularly  followed  by  diarrhoea  and  prostration.  Micro-organisms 
of  the  B.  coli  type  were  abundant  and  well  preserved  in  the  fecal  field,  and 
gas  production  was  moderate  on  the  part  of  the  fecal  flora. 
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in  the  general  health — often  a  very  slow  decline — characterized 
by  loss  of  strength,  slight  anaemia  and  often,  though  not  neces- 
sarily, loss  in  weight.  Evidences  of  excessive  putrefaction  are 
commonly,  though  not  invariably  associated  with  this  slow 
decUne  in  physical  status — ^a  decline  which  at  this  period  of  the 
process  may  be  temporarily  or  indefinitely  checked  by  suitable 
measures.  In  more  extreme  instances  the  process  of  capsulatus 
decomposition  within  the  intestine  attains  a  high  degree 
of  intensity,  partly  on  account  of  the  large  numbers  of  the 
organism,  partly,  perhaps,  owing  to  the  development  (or  original 
possession)  of  more  than  usually  marked  pathogenic  properties 
on  the  part  of  the  micro-organism, partly,  perhaps,  because  a  large 
tract  of  the  intestine  is  implicated.^  These  extreme  instances 
are  marked  by  the  development  of  a  high  grade  of  anaemia.  In- 
dications are  not  wanting  that  quantitative  alterations  in  the 
blood  are  present,  often  for  a  long  time  before  the  haemoglobin 
falls  greatly  or  the  red  cells  are  much  reduced  in  ntimbers. 
Ultimately  there  develops  the  blood  picture  of  a  severe  secondary 
anaemia  or  the  picture  of  pernicious  anaemia. 

In  those  cases  where  the  feces  contain  regtilarly  very  large 
numbers  of  B.  aerogenes  capstdatus  and  few  living  organisms  of 
the  B.  coli  type,  it  is  not  yet  clear  which  is  the  order  of  events 
in  the  estabhshment  of  this  abnormal  relationship — ^whether  the 
elimination  of  B.  coli  tends  to  overgrowth  of  the  gas  bacillus  or 
whether  a  great  increase  in  the  gas  bacilli  leads  to  the  suppression 
of  the  colon  bacillus.  It  seems  probable  that  the  dominance  of 
the  one  type  necessitates  conditions  which  favor  the  restriction 
of  the  other.  For  the  strictly  anaerobic  condition  which  is  neces- 
sary to  the  growth  of  the  gas  bacillus  is  in  itself  inimical  to  the 
best  development  of  B.  coli.  On  the  other  hand  B.  coli  thrives 
under  fairly  aerobic  conditions  which  in  themselves  quite  check 
the  gas  bacillus,  although  it  is  conceivable  that  tmder  some 
circtmistances  B.  coli  may  favor  the  growth  of  the  gas  bacillus 

by  the  appropriation  of  oxygen. 

>  Of  the  conditions  of  capsulattis  activity  in  the  small  intestine  we  at 
present  know  nothing,  but  the  stispicion  seems  not  unwarrantable  that  the 
organism  under  some  conditions  multiplies  actively  even  in  the  upper 
part  of  the  small  intestine.  The  chief  evidence  of  this  is  the  presence  in 
the  small  intestine  of  micro-organisms  morphologically  resembling  B. 
aerogenes  capsulatus  in  some  persons  dying  from  intestinal  disorders. 
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According  to  the  view  here  put  forward  pernicious  anaemias 
and  secondary  anaemias  are  often  closely  connected  with  a  toxic- 
putrefactive  process  m  the  intestine  initiated  by  a  gas-forming 
organism  of  wide  distribution — B.  aerogenes  capsulatus.  The 
strongest  arguments  in  favor  of  a  causal  relationship  in  some  cases 
of  anaemia  are  (i)  the  abundance  of  this  organism  in  the  feces  of 
such  patients  as  compared  with  their  moderate  occurrence  in 
the  feces  of  normal  individuals;  (2)  the  gradual  reduction  in 
the  ntmiber  of  these  organisms  as  the  clinical  conditions 
undergo  improvement;  and  (3)  the  ability  of  theB.  aerogenes 
capsulatus  to  make  a  haemolytic  substance  or  substances. 
Considerable  work  remains  to  be  done  to  establish  the  nature 
of  the  haemolytic  action  of  the  capsulatus  organism  and  it  also 
remains  to  be  seen  whether  it  is  possible  by  means  of  capsulatus 
products  to  induce  extreme  forms  of  anaemia  in  animals  closely 
related  to  man.  In  the  absence  of  the  latter  evidence  the 
dependence  of  anaemia  on  capsulatus  infection  is  an  hypothesis 
rather  than  an  established  fact,  but  it  is  one  which  is  put 
forward  as  already  possessing  a  high  degree  of  probability. 
The  fact  that  streptoccocus  infection  is  sometimes  associated 
prominently  with  capsulatus  infection  in  advanced  anaemias  does 
not,  I  think,  weaken  the  significance  of  the  association  of  anaemia 
and  capsulatus  infection.^  But  it  is  to  be  distinctly  emphasized, 
that  the  claim  here  made  is  not  that  severe  anaemia  is  an  invariable 
or  exclusive  restdt  of  capsulatus  infection  of  the  intestine,  but 
rather  that  it  is  an  important  incident  of  certain  extreme  cases  of 
chronic  capstdatus  infections. 

It  is  possible  that  an  important  factor  in  determining  the 
nature  of  the  pathological  action  exerted  by  B.  aerogenes  capsu- 

>  There  certainly  are  instances  of  streptococctis  infection  of  the  intestine 
(sometimes  of  oral  origin)  in  which  there  develops  a  moderate  or  pro- 
nounced anaemia  which  may  reasonably  be  referred  to  the  influence  of 
this  infection,  since  evidence  is  wanting  of  the  presence  of  other  i>athogenic 
micro-organisms  in  significant  numbers.  There  are  also  instances  in  which 
we  have  to  deal  with  a  combination  of  streptococctis  and  capsulatus 
infection.  Among  our  cases  of  anaemia  there  are  a  number  in  which 
streptococci  were  regularly  very  abtmdant  in  the  microscopical  fields,  and 
cultures  from  such  cases  have  shown  streptococcus  to  be  dominant.  The 
significance  of  combined  streptococcus  and  capsulatus  infection  of  the 
intestine  is  not  yet  clear.    The  ability  of  certain  streptococci  to  produce 


62        Bacterial  Processes  in  Advanced  Anaemia 

latus  in  the  intestine  is  the  state  of  representation  of  the  B.  coli 
group.  I  am  inclined  to  attach  much  importance  to  the  falling 
out  of  the  B.  coli  group  (as  indicated  by  restricted  gas  production 
and  the  appearance  of  the  microscopical  fields)  in  association 
with  the  presence  of  B.  aerogenes  capsulatus  in  greatly  increased 
nxunbers,  since  such  a  condition  points  to  the  withdrawal  of  what 
is  probably  a  protective  action  of  the  utmost  physiological  value. 
There  is  one  criticism  of  the  hypothesis  here  advanced  which  it 
seems  desirable  to  forestall.  What  evidence  id  there,  it  may  be 
asked,  to  show  that  the  presence  of  excessive  numbers  of  B.  aero- 
genes capsulatus  in  the  feces  is  not  the  resultof  anaemic  states  rather 
than  their  cause  ?  May  it  not  be  possible  that  conditions  of  anaemia 
so  alter  the  digestive  secretions  as  to  favor  the  development  of  or- 
ganisms of  the  capsulatus  type  and  to  depress  the  multiplication 
of  the  representatives  of  the  B.  coli  group?  The  only  answer  to 
these  questions  lies  in  those  clinical  observations  which  show  that 
a  serious  disorder  of  digestion  has  antedated  the  appearance  of 
anaemia.  In  three  of  our  cases  (X,  XII,  and  XVI)  the  history 
is  quite  explicit  on  this  point.  Moreover  in  each  of  these  cases 
there  was  a  subsidence  of  the  capsulatus  infection  before  recovery 
from  anaemia  occurred.  Finally,  we  have  had  under  observation 
cases  of  secondary  anaemia  from  other  well-defined  and  recognized 
causes  of  anaemia,  in  which  capsulatus  organisms  were  present 
only  in  moderate  niunbers  and  in  which  putrefactive  disorders 
were  absent.  These  facts  do  not  perhaps  suffice  to  prove  that 
capsulatus  infection  is  the  cause  rather  than  the  result  of  anaemic 
states,  but  they  go  far  to  render  probable  the  causal  relationship 
which  has  been  advocated,  while  at  the  same  time  they  make 
it  very  improbable  that  anaemia  is  in  itself  a  cause  of  the  domi- 
nance of  the  capsulatus  type  of  organisms  in  the  digestive  tract. 

baemolytic  substances  suggests  that  these  organisms  may  be  factors  in 
the  production  of  anaemia. 

Dr.  Rettger  tells  me  that  in  two  cases  of  pernicious  anaemia  studied  by 
him,  the  dominant  micro-organisms  in  the  plates  were  streptococci.  In 
these  cases  no  growth  of  B.  coli  was  obtained.  Strict  anaerobes  were  also 
absent  from  the  plates. 

Htmter  (loc.  cit,  pp.  236  and  342)  attaches  much  importance  to  the 
passage  into  the  stomach  of  streptococci  and  other  pyogenic  micro-organ- 
isms derived  from  the  diseased  mouth.  His  observations  on  this  subject 
apparently  did  not  include  the  bacteriological  study  of  the  feces. 
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It  seems  not  improbable,  however,  that  conditions  which, 
like  gastric  carcinoma,  weaken  the  defence  of  the  digestive  tract 
against  pathogenic  bacteria  by  the  withdrawal  of  the  acid  secre- 
tion of  the  gastric  juice,  pave  the  way  for  capstdatus  infection, 
which,  when  established,  may  heighten  the  anaemic  cachexia 
referable  to  the  carcinomatous  growth.  There  are  some  facts 
which  point  in  this  direction  but  which  need  not  be  further 
discussed  here. 

I  take  especial  satisfaction  in  thanking  my  friend  and  colleague, 
Professor  Theobald  Smith  for  the  many  helpful  suggestions  he 
has  made  in  the  course  of  this  work  regarding  questions  of 
bacteriological  technique  and  of  micro-organic  biology.  I  desire 
also  to  acknowledge  the  important  aid  I  have  received  from 
Miss  M.  L.  Foster  and  Dr.  Helen  Baldwin  in  connection  with  the 
anal3rtical  work  contained  in  this  paper. 

CONCLUSIONS. 

The  following  is  a  summary  of  the  conclusions  reached  in  the 
course  of  the  research  presented  in  the  preceding  pages: 

I.  The  htunan  intestine  of  normal  adults  and  of  normal 
children  frequently  holds  small  niunbers  (relatively  to  other 
bacteria)  of  the  anaerobic,  difficultly  spore-forming,  gas-making 
bacillus  described  by  Welch  and  Nuttall  as  B.  aerogenes  capsu- 
latus. 

3.  In  some  conditions  of  disease  the  intestinal  tract  shows  the 
presence  of  anaerobic,  difficultly  spore-forming,  gas-making 
bacilli,  identical  with  B.  aerogenes  capsulatus,  in  greatly  in- 
creased ntunbers. 

3.  This  increase  in  the  number  of  B.  aerogenes  capsulatus  in 
the  intestine  may  be  temporary  or  it  may  be  a  permanent  con- 
dition and  may  constitute  a  definite  infection  of  the  gastro- 
enteric tract. 

4.  The  presence  of  B.  aerogenes  capsulatus  in  excessive 
numbers  in  the  feces  is  determinable  by  plating  in  sugar-blood 
agar,  by  the  inoculation  of  sterilized  milk  in  fermentation  tubes, 
by  the  procedure  of  intravenous  infusion  of  fecal  suspensions 
into  rabbits  and  subsequent  incubation,  and  by  the  microscopical 
examination  of  the  Gram-stained  fecal  fields. 
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5.  The  infection  of  the  intestinal  tract  with  B.  aerogenes 
capsulatus  leads  to  varying  cliriloal  results  according  to  the 
intensity  of  infection,  its  duration  and  its  bacteriological  associa- 
tions. Moderate  numbers  of  the  bacilli  administered  to  monkeys 
cause  only  slight  diarrhoea  with  increase  of  the  capsulatus 
organisms  in  the  stools.  There  are  frequent  diarrhceal  condi- 
tions in  breast-fed  and  bottle-fed  children  which  seem  clearly 
referable  to  B.  aerogenes  capsulatus.  Many  temporary  intes- 
tinal derangements  in  adults  are  associated  with  a  temporary 
increase  in  B.  aerogenes  capsulatus.  In  children  capsulatus 
infection  may  lead  to  the  development  of  extreme  anaemia  with 
general  oedema. 

6.  In  many  acute  and  subacute  capsulatus  infections  of  the 
intestine,  the  Uving  micro-organisms  of  the  B.  coli  type  in  the 
feces  are  much  reduced  in  number.  This  condition  of  colon 
bacillus  sparsity  is  shown  (a)  by  the  appearance  of  the  Gram- 
stained  fecal  fields;  (b)  by  the  diminished  production  of  gas  in 
fermentation  tubes;  (c)  by  the  failure  of  the  sediments  in  fer- 
mentation tubes  to  show  a  satisfactory  growth  of  organisms  of 
the  B.  coli  type  on  sugar  bouillon;  and  (d)  by  the  small  number 
of  colonies  found  on  gelatin  plates  or  their  entire  absence. 

7.  Chronic  conditions  are  not  rare  in  which  the  feces  show  a 
condition  of  colon  bacillus  scarcity  associated  with  a  marked 
increase  in  the  numbers  of  B.  aerogenes  capsulatus.  The  per- 
sons in  whom  these  bacterial  conditions  have  been  persistent 
almost  always  are  at  least  moderately  ansenoic,  i.  e,,  show  some  fall 
in  haemoglobin  and  indications  of  a  diminished  volume  of  blood. 

8.  B.  aerogenes  capsulatus  is  prominently  characterized  by 
the  ability  to  induce  a  characteristic  type  of  putrefactive 
decomposition  which  may  be  designated  saccharo-butyric  put* 
refaction.  Among  the  chief  products  of  saccharo-butyric 
putrefaction  are  carbon  dioxide,  hydrogen,  butyric  add,  and 
ammonia.  This  putrefaction  may  occur  on  proteid  media  con- 
taining very  little  carbohydrate  material. 

9.  The  excessive  formation  of  gas  and  the  consequent 
flatulence  in  many  cases  of  capsulatus  infection  of  the  intestine 
afe  referable  to  excessive  saccharo-butyric  putrefaction  or  fer- 
mentation. 

10.  The   excess   of  higher  volatile   fatty   acids,   iiiicluding 
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butyric,  which  is  observed  in  many  cases  of  capsulatus  infection 
is  referable  to  excessive  saccharo-butyric  putrefaction. 

11.  B.  aerpgenes  capsulatus  is  an  active  haemolysing  agent. 
The  haemolysis  induced  by  it  in  vitro  can  probably  be  referred 
in  part,  but  only  in  part,  to  the  formation  of  ammonium  butyrate. 

12.  Many  instances  of  "primary**  pernicious ' anaemia  and 
of  secondary  anaemia  show  pronounced  indications  of  excessive 
saccharo-butyric  putrefaction,  but  the  fecal  and  urinary  mani- 
festations of  this  process  differ  considerably  in  different  instances. 
An  increase  of  indol  in  the  feces  and  of  indican  in  the  urine  are 
common,  though  not  regular  manifestations.  A  high  grade  of 
intestinal  putrefaction  with  excessive  formation  of  phenol  and 
indol  may  occur  in  persons  who  show  few  capsulati  in  the  feces. 

13.  There  are  instances  of  "primary"  pernicious  anaemia 
and  others  showing  the  blood  changes  of  secondary  anaemia  (of 
undeterminable  etiology),  in  which  there  is  chronic  infection  of 
the  intestinal  tract  with  B .  aerogenes  capsulatus.  The  gas  bacillus 
is  in  these  cases  the  dominant  spore-forming  anaerobe.  The 
representation  of  living  micro-oi:ganisms  of  the  B.  coli  type  in  the 
feces  is  usually  much  reduced  in  these  cases. 

14.  In  certain  instances  of  advanced  anaemia  it  has  been 
observed  that  as  the  blood  picture  and  the  general  conditions 
improve  there  is  a  distinct  reduction  in  the  numbers  of  B. 
aerogenes  capsulatus  in  the  feces  together  with  a  better  repre- 
sentation of  the  B.  coli  group.  With  these  altered  bacterial 
conditions  there  is  usually  an  increase  in  the  capacity  for  gas 
production  by  the  mixed  fecal  flora. 

15.  The  close  association  between  certain  anaemias  and 
capsulatus  infection  of  the  gastro-enteric  tract  creates  a  pre- 
sumption that  this  infection  stands  in  a  causative  relation  to 
these  anaemias  although  experimental  evidence  of  such  a  rela- 
tion has  not  yet  been  obtained. 

16.  In  some  of  the  anaemias  associated  with  capsulatus 
infection,  large  numbers  of  streptococci  are  foimd  in  the  feces. 
The  significance  of  this  mixed  infection  is  not  yet  clear.  1 

>  The  following  practical  considerations  respecting  infection  through 
the  agency  of  food  deserve  mention: 

An  important  practical  measure  in  all  cases  of  capsulatus  infection  is 
the  avoidance  of  food  containing  B.  aerogenes  capsulatus.    As  an  organism 
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17.  It  sometimes  happens  that  the  numbers  of  B.  aerogenes 
capsulatus  in  the  feces  tmdergo  such  a  great  decrease  in  the  course 
of  treatment  that  the  microscopical  fecal  fields  present  a  nearly 
normal  appearance  with  respect  to  this  organism.  Therefore  the 
failure  to  find  B.  aerogenes  capsulatus  in  large  excess  after  a 
patient  has  for  some  weeks  or  months  had  the  benefit  of  treat- 
ment by  diet  and  rest,  does  not  necessarily  exclude  a  preceding 
infection. 

ABSTRACT    OF    CLINICAL    NOTES    TO    CASES    REFERRED   TO    IN  THE 

FOREGOING  PAPER^ 

Case  I.  Presbjrterian  Hospital,  service  of  Prof.  James.  Male,  «t. 
about  45.  Increasing  weakness  of  legs  before  entry  to  hospital,  some 
looseness  of  bowels,  occasional  vomiting.  Hb.  ■=  30  per  cent. ;  red  blood 
cells,  1,248,000;  leucocjrtes,  5200;  normoblasts,  i  per  cent. ;  megaloblasts, 
3  per  cent.;  many  megalocjrtes;  marked  poikilocjrtosis.  Later  examina- 
tions with  essentially  same  results. 

Case  II.  New  York  Hospital,  service  of  Prof.  Lambert.  Woman 
aet.  58.  Frequent  diarrhoea  with  increasing  weakness  for  past  year 
with  loss  of  20  lbs.  weight.  Complains  of  weakness.  Hb.  —  35  per 
cent.;  red  blood  cells,  1,440,000;  red  cells  show  marked  granular  degenera- 
tion. Many  normoblasts,  no  typical  megaloblasts,  mitosis  in  normoblasts, 
Red  cells  larger  than  normal.  No  typical  megalocytes.  Later  examina- 
tions with  similar  results. 

Case  III.  French  Hospital,  service  of  Dr.  N.  B.  Potter.  Woman 
aet.  65.  Malaria  15  years  ago  in  Smyrna,  but  well  until  i  year  ago. 
Since  then,  gradual  loss  of  strength  and  color.  Is  now  thin,  toothless, 
and  very  pale.  Hb.  «  40  per  cent. ;  red  blood  cells,  1,776,000;  leucocytes, 
5000;  megaloblasts,  6,  and  normoblasts,  7  to  100  leucocytes.  Patient 
shows  little  tendency  to  improvement  as  result  of  usual  treatment  for 
anaemia. 


identical  with  B.  aerogenes  capsulatus  or  ver>'  closely  related  to  it  (Orass- 
berger  and  Schattenfroh's  granulo-bacillus  saccharo-butyricus  immobilis 
liquefaciens)  is  often  fotmd  in  milk,  it  is  especially  important  that  atten- 
tion should  be  given  to  the  anaerobic  micro-organisms  of  the  milk  and 
milk  products  employed  as  food.  As  sewage  generally  contains  large 
numbers  of  B.  aerogenes  capsulatus,  oysters  exposed  to  sewage  may 
become  a  source  of  intestinal  disease  from  this  micro-organism. 

The  official  examination  of  milk  by  Health  Boards  might  advantageously 
include  the  simpler  tests  (especially  the  action  on  milk  resulting  in  "stormy 
fermentation")  for  the  presence  of  saccharo-butyric  putrefactive,  spore- 
forming  micro-organisms. 
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Casb  IV.  St.  Luke's  Hospital,  service  of  Dr.  Spalding.  First  ad- 
mitted a  years  ago  with  pneumonia  and  anaemia.  Hb.  »  35  per  cent. ; 
red  blood  cells,  1,338,000;  megaloblasts  fotmd.  No  free  hydrochloric 
acid.  Since  then  has  been  very  weak,  with  much  emesis,  anorexia, 
diarrhoeal  and  sometimes  bloody  stools  and  cold  extremities.  Typical 
result  of  one  of  several  recent  examinations:  Hb.  -"41  per  cent.;  red 
blood  cells,  1,032,000;  leucocytes,  4000;  polymorphonuclears,  14  per 
cent.;  lymphocjrtes,  26  per  cent.;  normoblasts;  aniso-  and  poikilocytosis. 

Case  V.  Presbyterian  Hospital,  service  of  Dr.  Thacher.  Male,  aet. 
64.  For  6  months  dyspnoea  and  palpitation  with  loss  in  strength  and 
weight  and  increasing  pallor.  Three  weeks  before  admission,  severe 
seizure  of  diarrhoea  following  retching  after  severe  exertion.  No  teeth 
except  two  in  lower  jaw.  Slight  oedema  over  whole  body.  Slight  rise 
in  temperature.  Repeated  examinations  of  blood;  typical  one  as  follows: 
Hb.  -■  30  per  cent.;  red  blood  cells,  1,500,000;  leucocytes,  3300;  red 
cells  show  pallor;  many  myeloc3rtes;  marked  poikilocytosis,  polychromasia, 
and  basophile  granulation;  normoblasts  and  megaloblasts  present. 

Case  VI.  New  York  Hospital,  service  of  Dr.  Lambert.  Woman,  aet. 
49.  Gradually  increasing  dyspnoea,  palpitation,  weakness,  and  headache. 
Nothing  in  previous  history  to  give  clue  to  etiologicad  factor.  Typical 
examination,  Hb.  —  33  per  cent.;  red  blood  cells,  976,000;  leucocytes, 
7400;  many  oval  reds,  moderate  poikilocytosis;  typical  megalocytes. 
Normoblasts  fotmd  in  some  examinations. 

Case  VII.  Presbyterian  Hospital,  service  of  Dr.  Thacher.  Male,  aet. 
40.  Small  and  thin.  Pulmonary  and  testicular  tuberculosis,  evening 
temperattire.  Bowels  irregular,  movements  soft.  Hb.  «  a8  per  cent.; 
red  blood  cells,  1,288,000;  leucocytes,  9000;  polymorphonucleara,  50 
per  cent.;  transitionals,  7  per  cent.;  large  mononuclears,  6  per  cent.; 
lymphocytes,  27  per  cent.;  megalocytes  and  megaloblasts.  On  light 
diet,  lavage  of  colon,  and  arsenic  patient  gradually  improved.  Three 
months  after  admission,  Hb.  —  62  per  cent.;  red  blood  cells,  3,792,000; 
leucocytes,  7900.      Patient's  color  and  strength  steadily  improving. 

Note.  This  is  one  of  the  cases  in  which  improvement  coincided  with 
a  great  diminution  of  B.  aerogenes  capsulatus  in  the  feces  and  with  a 
return  of  a  good  representation  of  bacteria  of  the  B.  coli  type. 

Case  VIII.  Roosevelt  Hospital,  service  of  Prof.  James.  Male,  aet. 
38.  Typhoid  fever  7  years  ago;  2 J  years  ago,  jauAdice  for  one  year. 
Since  jaundice,  weakness,  dyspnoea,  and  anorexia.  Sallow,  fairly  nour- 
ished, two  carious  molars.  Hb.  »  30  per  cent. ;  red  blood  cells,  1,768,000; 
leucocytes,  6300;  myelocytes,  megaloblasts,  normoblasts,  poikilocytes, 
Other  examinations  with  similar  results. 

Case  IX.  Roosevelt  Hospital,  service  of  Prof.  James.  Male,  aet.  63. 
Weakness,  anorexia,  pallor,  and  dyspnoea  for  a  year.     Etiological  factors 
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not  discovered.  Repeated  examinations  of  blood  of  which  following  is 
typical:  Hb.  —  45  per  cent.;  red  blood  cells,  1,656,000;  leucocytes,  13,000; 
megaloblasts,  megalocytes,  microcytes,  macrocytes,  polychromatophilia, 
poikiloc3rtosis.  Blaud's  pills.  Fowler's  solution,  colon  irrigation,  camogen. 
Hb.  fell  to  30  per  cent.,  red  blood  cells  to  876,000.  Death  2  months  after 
admission. 

Case  X.  St.  Luke's  Hospital,  service  of  Dr.  Spalding.  Male,  aet.  30. 
Seven  years  ago  became  very  weak  and  anaemic.  Much  jdigestive  dis- 
turbance, alternating  constipation  and  diarrhoea.  Natisea,  frequent 
vomiting  of  bile.  Four  years  ago,  Hb.  —  25  per  cent.;  red  blood  cells, 
928,000;  two  years  ago,  after  temporary  improvement,  Hb.  fell  to  34  per 
cent.;  red  blood  cells,  1,573,000;  megaloblasts.  No  free  hydrochloric 
acid.  Temperature  ranged  from  loi®  to  102.5®  F*  On  certain  occasions 
megaloblasts  abtmdant.  After  gradual  improvement,  was  able  to  work 
10  hours  daily  as  switchman.  One  year  ago  entered  hospital  with  all 
signs  of  pernicious  anaemia.  For  a  time  patient's  blood  condition  retro- 
graded until  Hb.  was  25  per  cent.;  red  blood  cells,  660,000.  After 
systematic  colon  irrigation,  slow  but  steady  improvement.  After  3 
months,  Hb.  —  90  per  cent.;  red  blood  cells,  3,086,000.  Discharged 
greatly  improved  and  able  to  walk  several  miles  without  fatigue. 

Note,  The  feces  of  this  patient  were  repeatedly  examined  for  anaerobic 
micro-organisms.  During  the  period  of  most  pronounced  anaemia  and 
weakness,  B.  aerogenes  capsulatus  was  very  abundant  in  the  feces,  as 
was  also  indol.  At  the  height  of  convalescence  there  was  noted  repeatedly 
a  marked  decline  in  these  micro-organisms  and  in  the  putrefactive  pro- 
ducts, in  the  feces.  Marked  increase  in  numbers  of  colon  bacilli  in  feces 
during  period  of  improvement. 

Casb  XI.  City  Hospital,  service  of  Dr.  Ransom.  Female  about  50 
years  of  age.  In  ward  several  months  for  weakness  and  anaemia.  Diges- 
tive history  not  carefully  recorded.  Hb,  —  20  per  cent. ;  red  blood  cells 
about  1,000,000;  leucocjrtes,  9000;  no  megaloblasts;  no  nucleated  red 
cells;  no  morphological  changes  except  marked  deformity  of  red  cells. 
At  autopsy  nothing  was  found  to  accotmt  for  the  profound  anaemia. 

Casb  XII.  Notes  ftunished  by  Dr.  Fred.  Shattuck  of  Boston.  Male, 
aet.  73.  Always  robust  tmtil  about  8  years  ago.  At  that  time  a  digestive 
disturbance  which  resulted  in  loss  of  strength.  Apparently  full  recovery. 
Nearly  one  year  ago  a  severe  diarrhceal  seizure  lasting  two  weeks  and 
causing  confinement  to  bed.  At  this  time,  slightly  anaemic.  Eight 
months  ago  had  become  weak  and  had  lost  weight,  but  continued  at 
business.  Bowels  irregular  with  diarrhceal  tendency.  Somewhat  later 
was  confined  to  bed.  About  6  months  ago,  red  blood  cells  numbered 
1,800,000;  megaloblasts  and  normoblasts  observed.  Gradual  improve- 
ment set  in  3  months  ago.  Hb.  —  82  per  cent. ;  red  blood  cells,  4,010,000 ; 
no  blasts.     Patient  gained  steadily. 
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Note,  Six  months  ago  feces  contained  B.  aerogenes  capsulatvis  in 
abundance  (relatively  to  B.  coli).  During  period  of  improvement 
numbers  of  B.  aerogenes  capsulatus  showed  distinct  falling  off;  quite 
recently  the  number  has  again  increased  to  a  point  far  above  the  normal. 

Casb  XIII.  Vanderbilt  Clinic,  service  of  Dr.  Patterson.  Male,  set. 
about  40.  Gradual  development  of  anaemia  and  weakness  during  past 
year.     Blood  examination  gives  indications  of  pernicious  type  of  ansemia. 

Casb  XIV.  Nursery  and  Child's  Hospital,  service  of  Dr.  Lyon. 
Girl,  set.  3  years.  Enteritis  during  sunmiers  of  1904  and  1905.  Abdo- 
men large,  spleen  reaches  middle  line;  liver  2  inches  below  ribs  in  nipple 
line;  l3rmph  nodes  in  axilla  and  neck  moderately  enlarged.  Typical 
blood  examination  showed  Hb.  »*  25  per  cent.;  red  blood  cells,  1,250,000; 
slight  l3rmphoc3rtosis;  nucleated  red  blood  cells;  normoblasts,  megalo- 
blasts,  some  mitotic  figures.     Child  was  on  a  general  diet. 

The  diagnosis  in  this  case  was  left  in  doubt.  .The  bacterial  and  chemi- 
cal examination  of  the  feces  and  urine  showed  nothing  which  could  be 
regarded  as  accot^iting  for  the  observed  anaemia. 

Case  XV.  Notes  furnished  by  Dr.  N.  B.  Potter.  Male,  aet.  45.  For 
about  I  year,  loss  of  weight,  weakness,  mental  depression,  and  anaemia. 
Various  derangements  of  intestinal  digestion.  No  free  hydrochloric  acid 
Hb.  —  35  per  cent.;  red  blood  cells,  about  2,qoo,ooo.  No  improvement 
under  influence  of  rest,  iron,  and  arsenic.  Diagnosis  in  doubt;  carcinoma 
of  stomach  considered;  also  early  stage  of  primary  pernicious  anaemia. 

Case  XVI.  Babies'  Hospital,  service  of  Dr.  L.  E.  Holt.  Female 
child,  aet.  20  months.  For  several  weeks,  intestinal  catarrh  and  diarrhoea 
Loss  of  weight,  anaemia,  very  peevish,  general  oedema,  casts  in  urine. 
By  careful  feeding,  intestinal  conditions  were  rapidly  improved,  oedema 
subsided,  weight  increased,  and  nervous  symptoms  subsided.  Dec.  i, 
1905,  weight,  II  lbs.,  13  oz.;  Dec.  14,  13  lbs.,  4  oz. 

The  blood  history  is  as  follows: 

Dec.  I,  1905 :  Hb.  —  35  per  cent.;  red  blood  cells,  1,798,400;  leucocjrtes, 
8000;  polymorphonuclears,  38  per  cent.;  mononuclears,  58  per  cent, 
large  mononuclears,  3  per  cent. ;  eosinophiles,  i ;  nucleated  reds,  about  2 
per  cent. ;  a  good  deal  of  basophilic  degeneration  in  the  reds. 

Dec.  9,  1905:  Hb.  -■  50  per  cent.;  red  cells,  2,390,000;  leucocjrtes, 
15  per  cent.;  polymorphonuclears,  39  per  cent.;  small  mononuclears, 
50  per  cent.;  transitionals,  10  per  cent.;  some  eosinophiles,  numerous 
normoblasts,  a  few  megaloblasts.     Abnormal  degeneration  of  red  cells 

Dec.  16,  1905:  Hb.  -■  70  per  cent.;  red  cells,  3,667,200;  leucocjrtes. 
12,000;  polymorphonuclears,  51.6  per  cent.;  small  mononuclears,  35  per 
cent.;  large  mononuclears,  8.25  per  cent.;  transitionals,  1.6  per  cent.; 
eosinophiles,  i  per  cent.;  basophiles,  2.6  per  cent.;  nucleated  reds,  x. 

Dec.  23,  1905:    Hb.  —   75  percent. 
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Note,  At  onset,  the  stools  contained  very  large  numbers  of  B.  aerogenes 
capsulatus;  B.  coli  were  present  in  very  small  numbers.  As  improvement 
occurred,  there  was  a  return  of  B.  coli  and  B.  aerogenes  capsulatus  was 
greatly  reduced  in  niunbers. 

Case  XVII.  Patient  of  Dr.  Skinner,  New  Haven.  Notes  furnished 
by  Prof.  L.  B.  Mendel  ^nd  Dr.  L.  P.  Rettger.  Male,  aet.  about  30. 
Formerly  a  painter.  Is  emaciated  and  appears  wax-like.  Hb.  «  about 
20  per  cent.;  red  blood  cells,  380,000.  Numerous  nucleated  red  cells  and 
megaloblasts.  Treated  by  exposure  to  dry  baking  temperature.  Rise 
to  2,600,000  red  cells  in  short  time. 


STUDIES  ON  PUTREFACTION.^ 

By  LEO  F.  RETTGER. 

(From  the  Sheffield  Laboratory  of  Bacteriology  and  Hygiene ^YaU  University.) 

(Received  for  publication.  May  i8,  1906.) 

The  study  of  putrefaction  has  received  a  new  impetus  in  recent 
years.  While  its  chemistry  has  been  given  considerable  atten- 
tion by  such  men  as  Baumann,  Briber,  Nencki,  Salkowski,  and 
numerous  other  investigators,  much  remained  and  still  remains 
to  be  learned  regarding  the  relation  of  various  bacteria  to  putre- 
factive processes.  It  is  an  accepted  fact  that  all  real  putre- 
faction is  due  to  bacteria;  but  what  particular  micro-organisms 
are  responsible  for  such  decomposition  of  proteids,  and  the  con- 
ditions which  influence  the  nature  and  rate  of  decomposition, 
are  matters  that  require  much  further  study. 

Pasteur  claimed  that  putrefaction  could  occur  only  in  the 
absence  of  free  or  atmospheric  oxygen.  This  view  was  later 
supported  by  the  observations  of  other  investigators,  par- 
ticularly Nencki,  Bovet,  Kerry,  and  Bienstock.  In  addition  to 
this,  Bienstock  claimed  that  putrefaction  is  the  work  of  a 
particular  class  of  bacteria,  the  anaerobes.  On  the  other  hand, 
investigations  have  been  made  which  appeared  to  show  that 
not  only  the  obligatory  anaerobes,  but  also  the  facultative 
aerobes  possessed  the  power  of  inaugurating  putrefactive 
changes  in  proteids.  It  is  perhaps  safe  to  say  that  this  view  is 
held  by  the  majority  of  biologists  and  chemists  of  to-day. 
/  In  a  previous  article  on  bacterial  decomposition  of  proteids 
the  writer  2  also  adhered  firmly  to  the  last  mentioned  view, 
which  was  supported  apparently  by  certain  observations  which 
he  had  made  r^arding  the  chemical  products  of  B.  coU  communis 
and  B.  lactis  aerogenes,  in  a  culture  medium  consisting  of  co- 
agulated ^g-white  and  lean  beef. 

*  The  investigation  upon  which  this  paper  is  based  was  carried  on  with 
the  aid  of  appropriations  from  tl\e  Rockefeller  Institute  for  Medical 
Research. 

»  Rettger,  Amer,  Journ.  of  Physiol,^  viii,  p.  2S4,  1903. 
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Since  the  publication  of  that  article,  I  have  been  engaged  for 
almost  two  years  in  a  further  study  of  putrefaction;  but  this 
time  with  far  diflEerent  results.  It  required  fully  a  year's  con- 
stant work,  and  the  preparation  and  final  analyses  of  some  fifty 
culture  flasks  inoculated  with  different  facultative  aerobes, 
particularly  members  of  the  colon  bacillus  group,  to  arrive  at 
the  later  conclusion;  namely,  that  the  ordinary  facultative 
aerobes  cannot  initiate  putrefactive  changes  in  the  so-called 
egg-meat  mixture. 

The  chief  obstacle  in  the  final  solution  of  this  question  was 
the  diflSculty  of  precluding  certain  contamination  forms  (anae- 
robes) from  the  flasks.  Although  these  intruders  were  spore- 
producers,  they  for  a  long  time  regularly  escaped  my  notice. 
At  the  time  of  the  examinations  the  spores  mtist  have  been 
free,  and  obscured  by  the  granular  nature  of  the  decomposition 
mixture;  hence  my  failure  to  detect  them.  As  soon  as  the 
contamination  forms  were  discovered,  every  precaution  was 
taken  to  exclude  them.  The  laboratory  floors  were  newly 
oiled;  table  tops,  shelves,  etc.,  were  washed  with  a  strong  solution 
of  corrosive  sublimate;  and  finally,  the  flasks,  stoppers,  delivery 
tubes,  etc.,  were  thoroughly  sterilized.  J> 

The  result  of  all  this  was  that  the  egg-meat  mixtures  which 
were  thereafter  inoculated  with  pure  cultures  of  B.  coli  and  B. 
lactis  aerogenes  underwent  no  decomposition.  Not  one  of  the 
fourteen  coli  strains  (isolated  from  twelve  different  samples  of 
stools)  caused  any  visible  change  within  the  flasks,  even  after 
three  or  four  weeks  of  incubation  at  37*^  C. 

In  his  [study  of  phosphorus-containing  bacterial  products, 
Stich^  employed  B.  coli  to  bring  about  decomposition  and 
assumed  that  the  putrefactive  changes  which  he  obtained  were 
altogether  due  to  this  organism. 

Emmerling^  obtained  marked  putrefactive  changes  in  sugar- 
free  wheat  bran  with  what  he  thought  was  a  pure  culture  of 
Proteus  vulgaris.  In  fact,  in  the  literature  this  oiganism  is 
quite  commonly  spoken  of  as  a  putrefactive  organism.  Emnter- 
ling^  also  claims  to  have  brought  about  extensive  putrefaction 

»  Stich,  Chem.  CentralbL,  i,  p.  1137,  1900. 

»  Emmerling,  Ber.  d.  deuisch.  chem.  Gesellsch.,  xxix,  pp.  2 72 1-2 726,  1896. 

<  Emmerling,  ibid,,  xxx,  p.  1863,  1897. 
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of  egg  albtimin  and  blood  fibrin  with  Staphyloccocus  pyogenes, 
and  Streptococcus  pyogenes,  respectively.  As  in  my  own 
experiments,  it  is  quite  probable  that  the  above  proteid  decom- 
positions were  caused  by  one  or  more  of  the  almost  omnipresent 
anaerobes  which  in  an  unforeseen  way  made  their  entrance  into 
the  media. 

In  the  investigations  of  Buchner,  Leber,  Frankel,  Brieger,  and 
Lubert  ^  on  the  decomposition  products  of  pus  cocci,  the  results 
were  to  a  large  extent  contradictory.  Brieger  found  that  albu- 
mins were  attacked  only  with  the  greatest  difficulty. 

The  most  important  contributions  to  this  subject  in  recent 
years  are,  beyond  a  doubt,  those  of  Bienstock.^  His  conclusion 
may  be  summed  up  in  these  words:  ** There  is  no  real  putre- 
faction without  the  action  of  obligate  anaerobes.*'  By  the  term 
"putrefaction"  he  meant,  as  is  now  understood  generally,  a 
bacterial  decomposition  of  albuminous  matter  which  is  accom- 
panied by  the  formation  or  elimination  of  foul-smelling  sub- 
stances, the  so-called  "Faulnissprodukte. " 

While  his  statements  may  appear  somewhat  extravagant,  I 
believe  it  may  be  safely  said  that  none  of  the  known  facultative 
anaerobes  has  the  ability  to  produce  genuine  putrefaction;  and, 
as  anaerobic  conditions  are  necessary,  the  obligate  aerobes  can 
take  no  important  part  in  such  a  process. 

In  the  general  destruction  of  waste  organic  matter  the  initial 
decomposition  is  caused  by  the  anaerobes  which  appear  to  be 
everywhere  present.  If  a  tube  of  sterile  bouillon  or  any  other 
culture  medium  be  inoculated  with  but  a  grain  of  garden  soil, 
dirt  from  the  street,  scrapings  from  old  harness,  etc.,  it  will 
invariably  undergo  putrefaction,  under  anaerobic  conditions. 
The  commonest,  or  at  least  best  known,  of  these  anaerobes  are 
the  Bacillus  putrificus  of  Bienstock  (B.cadaveris  of  Klein),  the 
bacillus  of  malignant  cedema  and  the  bacillus  of  symptomatic 
anthrax. 

B.  putrificus  is  of  particular  interest.  It  was  first  discovered 
and  described  by  Bienstock.^     He  found  it  in  great  abundance 

»  See  Emmerling,  loc,  cit.,  p.  2724. 

2  Bienstpck,  Arch.  /.  Hyg.,  xxxvi,  pp,  335-389,  1899;  *Wd.,  xxxix,  pp. 
390-427,  1901. 

»  Bienstock,  ibid.,  xxxvi,  pp.  335-389,  1899. 
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in  ordinary  street  dirt.  The  same  bacillus  was  observed  by 
Klein^  in  putrefying  cadavers,  and  therefore  called  by  him  B. 
cadaveris.  He  r^arded  it  as  being  wholly  responsible  for  the 
putrefactive  decomposition  of  cadavers. 

The  B.  putrificus  is  a  long,  slender  organism  which  grows  very 
rapidly  under  strictly  anaerobic  conditions  and  is  actively  motile. 
It  produces  spores,  as  a  rule,  in  about  three  or  four  days,  at  37®  C. 
The  spores  are  large  and  terminal,  and  give  the  organism  the 
characteristic  drumstick  appearance.  Motility  persists  long 
after  spores  are  produced.  In  its  morphology  and  in  most  of  its 
culttu-al  characteristics  it  closely  resembles  the  tetanus  bacillus, 
and  is,  no  doubt,  frequently  mistaken  for  it.  The  B.  putrificus 
does  not,  however,  have  pathogenic  properties.  The  spores 
of  B.  putrificus  are  very  resistant  to  heat,  and  are  therefore 
often  responsible  for  the  putrefaction  of  culture  media  after 
inefiEectual  sterilization. 

I  have  succeeded  in  finding  and  identifying  the  B.  putrificus 
in  numerous  samples  of  soil  taken  from  gardens,  barn-yards, 
wood  piles  and  the  street,  in  dust  about  the  laboratories  and 
elsewhere,  and  in  beef  muscle  on  various  occasions.  It  is  very 
difficult,  however,  to  isolate  this  organism,  as  Bienstock  also 
informs  us.  This  can  be  done,  nevertheless,  by  alternately 
heating  at  80^  C.  for  10  minutes  and  ctiltivating  under  anaerobic 
conditions,  several  times  each,  and  finally  pouring  sugar-agar 
plates.  The  colonies  resemble  those  of  B.  tetani,  to  a  large 
extent,  though  as  a  rule  they  are  coarser. 

The  bacillus  of  malignant  oedema  and  the  bacillus  of  sympto- 
matic anthrax  likewise  occur  in  soil,  street  dirt,  and  in  the  ca- 
davers of  certain  animals.  It  is  no  difficult  matter  to  obtain 
the  bacillus  of  malignant  oedema  in  pure  culture  from  the  muscles 
of  a  guinea-pig  soon  after  death.  We  have  also  found  it  to  be 
present  frequently  on  -the  surface  of  fruits,  particularly  the 
banana. 

EXPERIMENTAL. 

The  work  recorded  in  this  paper  has  been  carried  on  largely 
with  various  strains  of  B.  coli  communis  and  B.  lactis  aerogenes 

1  Klein,  CentralbL  f.  Baku,  ttc.,  xxv,  i  Abt.,  pp.  278,  2899. 
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which  were  recently  isolated  from  normal  stools,  and  also  those 
of  pernicious  anaemia  patients.  As  strict  anaerobes,  different 
strains  of  B.  putrificus,  the  bacillus  of  malignant  oedema* 
and  the  bacillus  of  symptomatic  anthrax  were  employed.  The 
medium  which  was  used  was  the  "egg- meat*'  mixture,  and  the 
decomposition  tests  were  made  in  liter  flasks  and  in  large  test- 
tubes.  This  particular  medium  was  chosen  primarily  on  account 
of  the  small  cost  and  ease  of  preparii^  it;  and  secondly,  because, 
as  native  proteids,  meat  and  eggs  form  a  large  part  of  a  person's 
diet.  This  is  of  especial  importance  as  relating  to  the  subject 
of  intestinal  putrefaction. 

Preparation  of  Egg-Meat  Mixture, — ^A.  One  half  pound  of  lean 
chopped  beef  is  stirred  up  in  250  c.c.  of  water,  and  after  neutraliz- 
ing the  meat  acids  with  sodium  carbonate,  the  mixture  is  heated 
in  an  Arnold  sterilizer  for  30  minutes,  with  occasional  stirring. 
It  is  then  set  away  in  a  cold  place  for  several  hours  after  which 
the  fatty  scum  is  removed. 

B.  The  whites  of  three  eggs  are  mixed  with  250  c.c.  of  water, 
and  after  neutralizing,  the  albumin  is  coagulated,  with  occasional 
stirrii^,  by  heating  in  the  Arnold  sterilizer  for  30  minutes. 

A  and  B  are  then  mixed  and  introduced  into  a  liter  flask, 
along  with  2.5  grams  (0.5  per  cent.)  of  powdered  calcium  car- 
bonate. The  flask  is  plugged  with  cotton  and  sterilized  for  30 
minutes,  at  iio-ii2®C.  (autoclave).  

Cultivation  of  Bacteria. — ^After  inoculatii^  the  flasks  with  the 
desired  organism,  the  old  plug  is  replaced  by  a  dry,  sterile  cotton 
plug  havii^  a  glass  tube  through  the  centre.  The  plug  and 
tube  are  pushed  down  into  the  neck  of  the  flask,  and  a  rubber 
stopper  provided  with  two  bent  glass  tubes  (inlet  and  outlet) 
is  inserted  in  the  mouth  of  the  flask,  after  connecting  the  inner 
tube  with  the  outlet  tube  by  means  of  a  rubber  joint.  Hydrogen 
gas  -is  then  rapidly  passed  through  the  flask  from  a  Kipp's 
generator,  to  remove  all  oxygen.  In  order  to  free  the  hydrogen 
gas  from  arsenic,  it  is  passed  through  a  strong  solution  of 
potassitun  permanganate.  The  flask  is  then  placed  in  the  in- 
cubator  and  connected  with  a  mercury  bottle  for  relieving 
pressure,  and  at  the  same  time  preventing  air  from  entering  the 
flask. 
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Methods  of  Analysis.^ — ^Two  different  portions  of  the  decom- 
position material  are  employed ;  one  for  the  study  of  indol,  skatol, 
phenols,  aromatic  oxy-acids,  skatol -carbonic  acid,  tyrosin, 
leucin,  albimioses  and  peptone,  and  tryptophan — I;  and  the 
other  for  the  determinatioh  of  hydrogen  sulphide  and  mer- 
captan — II. 

I.  Indol,  skatol,  phenols,  etc. — ^Two  hundred  cubic 
centimeters  of  the  well-mixed  putrefaction  material  are  diluted 
with  an  equal  volume  of  water,  and  after  the  addition  of  5  c.c. 
of  dilute  sulphuric  acid,  are  distilled  with  steam  until  400  c.c. 
of  distillate  are  obtained.  The  distillate  is  made  alkaline  with 
potassium  hydrate,  and  again  distilled  with  steam  until  250  c.c. 
of  liquid  have  collected;  indol  and  skatol  are  in  this  distillate — 
(A).  The  last  distillation  residue  is  saturated  with  carbon 
dioxide  gas  and  distilled  (steam)  until  250  c.c.  are  obtained; 
phenols  are  present  in  this  distillate — (B). 

For  the  determination  of  indol,  definite  quantities  of  Distillate 
A  are  diluted  with  known  quantities  of  water  until  the  dilution  is 
such  that  the  color  reaction  ^  obtained  with  nitric  acid  is  barely, 
but  distinctly,  perceptible.  The  amount  of  dilution  required  js 
an  index  to  the  approximate  quantity  of  indoP  present.  A 
similar  test  is  made  for  skatol  in  the  same  distillate,  only  instead 
of  using  nitric  acid,  the  color  reaction  is  obtained  with  a  few^ 
drops  of  concentrated  sulphuric  or  hydrochloric  acid,  in  the 
absence  of  nitrous  acid. 

For  the  estimation  of  phenols.  Distillate  B  (supposed  to  be 
absolutely  free  from  indol)  is  diluted  in  the  same  manner  as  A, 
if  necessary,  and  the  color  reaction  obtained  with  Millon's 
reagent. 

Aromatic  oxy-acids  and  skatol-carbonic  acid. — ^The  liquid 

>  These  methods  differ  but  little  from  those  described  in  my  previous 
paper.  While  their  results  camiot  be  claimed  to  be  at  all  accurate,  they  are 
of  much  value  in  comparative  studies  of  bacterial  products. 

*  For  color  reactions  of  indol,  skatol,  aromatic  oxy-acids,  and  skatol- 
carbonic  acid,  see  Salkowski's  Praktikum  der  physiologischen  und  paHuh 
logischen  Chemie,  1900. 

*  Herter's  naphthaquinone  reaction  was  also  employed  on  several 
occasions,  and  proved  to  be  a  very  delicate  and  convenient  reaction. 
Minute  traces  even  of  indol  are  indicated  by  it  when  the  nitric-acid  test 
has  proven  negative.     See  Herter,  this  Journal,  i,  p.  257,  1906. 
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residue  remaining  after  the  first  distillation  is  filtered,  con- 
centrated to  small  volume  and  again  filtered.  It  is  then  ex- 
tracted with  ether,  in  order  to  remove  the  aromatic  oxy-acids 
and  skatol-carbonic  acid.  The  combined  extracts  are  filtered 
and  the  ether  removed  by  evaporation.  The  oily  residue  is  ex- 
tracted with  warm  water  and  the  solution  filtered .  The  combined 
extracts  should  equal  250  c.c.  If  necessary,  a  second  extraction 
is  made  with  the  same  quantity  of  water.  Definite  quantities 
of  the  250  c.c.  solution  are  examined  for  aromatic  oxy-acids 
and  skatol-carbonic  acid  in  the  same  manner  as  was  done  for 
indol.  The  color  reaction  for  aromatic  oxy-acids  is  obtained  with 
Millon's  reagent,  and  that  for  skatol-carbonic  acid  with  ferric 
chloride  and  dilute  hydrochloric  acid.  (See  Salkowski's 
PrakUkum^ 

Tyrosin,  leucin,  albumose,  peptone  and  tryptophan. — 
The  liquid  residue  remaimng  after  the  ether  extraction  of  aro- 
matic oxy-adds  and  skatol-carbonic  acid  is  concentrated  to  the 
point  of  crystallization,  and  after  cooling  the  crystalline  mass  is 
examined  for  tyrosin  and  leucin.  A  second  crop  of  crystals  is 
obtained  in  the  mother  liquor.  After  removal  of  the  tyrosin  and 
leucin,  the  syrup  is  treated  with  four  or  five  volumes  of  95  per 
cent,  alcohol;  albumoses  and  peptone  are  thrown  down,  along 
with  certain  salts.  The  precipitate  is  washed  with  alcohol, 
dissolved  in  water,  and  the  solution  tested  for  albumoses  and 
peptone  by  the  usual  reagents,  particularly  the  biuret  reaction. 
For  the  isolation  and  detection  of  tryptophan,  the  alcoholic 
filtrate  and  washings  from  the  last  precipitate  are  concentrated, 
acidified  witJi  acetic  acid,  and  treated  with  5  or  6  c.c.  of  bromine 
water.  Tryptophan  is  precipitated  as  a  purple  bromine  com- 
pound^ which  dissolves  in  alcohol,  imparting  the  characteristic 
color  to  the  solution. 

II.  Hydrogen  sulphide  and  mercaptan.  a.  Precipitation 
with  mercuric  cyanide, — An  equal  volume  of  water  is  added  to 
aoo  c.c.  of  the  decomposition  material,  in  a  500  c.c.  flask.  The 
flask  is  connected,  on  the  one  hand,  with  a  small  precipitating 
bottle  containing  a  3  per  cent,  solution  of  mercury  cyanide,  and 
on  the  other,  with  a  wash  bottle  containing  permanganate 
solution.    The  flask  is  then  acidified  with  4  to  5  grams  of  oxalic 

«  Kurajeff,    Zeitschr.  f.  physiol.  Chem,,  xxxvi,  p.  501,  1898-99. 
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acid  and  warmed  for  2  to  3  hours  between  30  and  40®  C.  During 
the  warming  a  current  of  air  is  slowly  drawn  throtigh  the  flask. 
Hydrogen  sulphide  comes  over  first,  if  present,  and  produces  a 
black  precipitate  in  the  cyanide  bottle.  After  a  while  the  mer- 
captan  is  seen  to  come  over  by  the  yellow  precipitate  which  it 
produces  in  the  cyanide  solution.  By  replacing  the  mercury 
cyanide  with  fresh  solutions,  the  two  precipitates  may  be  ob- 
tained apart  from  each  other.  ^  They  are  washed,  dried,  and 
weighed  as  mercury  sulphide  and  mercury  mercaptid  respectively. 
b.  Mercaptan-I satin  reaction} — ^A  small  quantity  of  isatin  is 
dissolved  in  concentrated  sulphuric  acid.  On  passing  mercaptan 
through  this  solution  it  is  colored  grass  green.  The  reaction  is 
a  delicate  one,  and  it  is  in  no  way  interfered  with  by  other 
decomposition  products.  The  method  of  procedure  is  somewhat 
similar  to  that  of  the  cyanide  method ;  the  isatin  solution  is  sub- 
stituted for  the  cyanide,  and  drying  tubes  (calcium  chloride) 
must  be  employed  to  prevent  any^moisture  from  entering  the 
isatin  solution. 

RESULTS  OP  INVESTIGATION. 

As  has  already  been  stated  earlier  in  this  paper,  the  more 
carefully  conducted  decomposition  experiments  with  the  colon 
bacillus  and  B.  lactis  aerogenes  conclusively  demonstrated  that 
these  organisms  are  absolutely  unable  to  transform  the  &gg- 
meat  mixture,  even  during  several  weeks  of  incubation.  The 
flasks  remained  free  from  offensive  odors,  and  there  were  no  other 
signs  of  decomposition.  It  seems  that  B.  coli  copd&unis  and  B. 
lactis  aerogenes  have  but  slight  destructive  action  on  peptone 
even,  for  in  my  previous  work^  I  have  never  observed  any 
marked  reduction  in  the  amount  of  peptone  present  in  the  pep- 
tone bouillon;  and  ftuther,  the  quantities  of  indol,  aromatic 
oxy-acids,  etc.,  were  always  small. 

All  other  facultative  aerobes  which  have  been  tested  so  far 
have  likewise  given  n^ative  results  in  the  ^g-meat  mixture; 
namely,  B.  fekalis  alkaliganes,  Proteus  vulgaris,  B.  pyocyaneus, 

«Nencki  and  Sieber,  Monatsh.  f,  Chem,,  1889,  P-  5^6. 
» Niemann,  Arch.  f.  Hyg,,  xin,   p.   126,   1893;  *^so  Bauer,  Zeitschr,  j, 
physiol.  Chem.,  xxxv,  p.  346,  1902. 

*  Rettger,  Anter.  Jonrn.  of  Physiol,  viii,  p.  284,  1903. 
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B.  fluorescens  (liquefying  and  non-liquefying),  B.  cloacae,  B. 
prodigiosus,  Staphylococcus  pyogenes  (aureus  and  albus),  Micro- 
coccus cereus  albus,  and  Streptococcus  pyogenes;  also  mixtures 
of  two  or  more  of  these  organisms,  as,  for  example,  B.  coli  com- 
mtmis,  M.  cereus  albus  and  Streptococcus  pyogenes.  In  every 
instance  there  were  no  visible  signs  of  decomposition.  Bienstock 
obtained  the  same  results  with  some  twenty  of  the  more  common 
facultative  aerobes.  In  his  experiments  he  used  sterile  blood 
fibrin. 

Blood  fibrin  and  ^g-meat  mixture  do  fall  an  easy  prey,  how- 
ever, to  the  obligate  anaerobes — B.  putrificus,  the  B.  of  malignant 
oedema  and  the  B.  of  symptomatic  anthrax,  and  in  all  probability 
to  a  number  of  other  anaerobes  of  which  little  is  as  yet  known. 

After  inoculation  of  sterile  ^g-meat  mixtures  with  either  of 
the  above  anaerobes,  they  r^ularly  underwent  rapid  decomposi- 
tion. In  less  than  24  hours  (37°  C.)  the  characteristic  putre- 
factive odor  was  already  quite  pronounced.  By  the  third  or 
fourth  day  there  was  considerable  reduction  in  the  amount  of 
solid  matter.  This  reduction  continued  until  by  the  end  of  the 
seventh  or  eighth  day  only  a  small  residue  remained  in  the 
flasks,  as  a  rule  not  more  than  5  to  8  per  cent,  of  the  original 
solids.  At  this  stage  the  liquid  was  highly  discolored  (dark), 
and  the  residue  had  the  color  of  beef  muscle.  The  most  intense 
putrefactive  odor  made  itself  known  about  the  fifth  day  of  the 
decomposition.     It  was  always  of  the  offensive  character. 

Chemical  exan:iinations  were  usually  made  after  decomposition 
had  been  allowed  to  go  on  for  seven  days.  In  a  few  instances 
this  process  was  interrupted  on  the  fourth  day,  while  on  two  or 
three  occasions  it  was  continued  for  two  weeks  or  more. 

Hydrogen  Sulphide. — ^This  was  always  present  in  but  small 
amounts  at  the  time  of  examination.  The  black  deposits  in  the 
mercury  bottle,  however,  always  indicated  considerable  evolution 
of  this  gas  during  the  first  few  days  of  decomposition.  Hydrogen 
sulphide  is,  no  doubt,  one  of  the  first  substances  which  are  split 
off  from  the  proteid  molecule  during  putrefaction,  as  well  as  in 
other  chemical  transformations  of  albtmiins.  Even  the  heating^ 
of  proteids  in  a  neutral  or  slightly  alkaline  solution  at  80°  C. 
will  bring  about  the  elimination  of  hydrogen  sulphide. 

*  Rettger,  Amer.  Journ.  oj  Physiol.,  vi.  p.  450,  1902. 
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Mercaptan. — Mercaptan  was  always  found  to  be  present  in 
decompositions  in  which  the  above  anaerobes  had  taken  an 
important  part.  With  pure  cultures  of  the  anaerobes,  the 
amount  of  mercury  mercaptid  precipitate  obtained  from  200  c.c. 
of  decomposition  fluid  varied  between  0.07  and  0.12  gram. 
The  volume  of  the  precipitates  always  appeared  greater  than  the 
actual  figtires  would  indicate.  Maximum  mercaptan  production 
occurred  within  the  first  six  or  seven  days,  after  which  the  amoimt 
gradually  diminished.  It  was  about  the  same  for  each  of  the 
anaerobes  tested. 

Indol,  Skatol  and  Phenols. — At  no  time  could  either  skatol 
or  phenol  be  detected  with  any  certainty  among  the  products  of 
the  anaerobes  (pure).  Neither  did  the  r^ulation  nitric- acid 
test  show  any  trace  of  indol.  A  faint  reaction  for  this  substance 
was  obtained,  however,  with  the  naphthaquinoneinonosul- 
phonate  test.  We  must  conclude,  therefore,  that  neither  of 
these  anaerobes  produces  indol,  skatol,  or  phenol  (or  at  best  only 
minute  traces)  when  grown  pure  in  a  putrescible  substance  like 
the  ^g-meat  mixture.  This  observation  accords  with  that  of. 
Bienstock,  which  was  made  on  pure  cultures  of  his  B.  putrificus 
in  blood  fibrin. 

Skatol-Carbonic  Acid. — This  substance  was  likewise  found  to 
be  absent  from  the  decomposition  flasks  of  different  incubation 
periods.     Not  the  slightest  reaction  could  be  obtained. 

Aromatic  Oxy-Acids. — Strong  color  reactions  were  always 
obtained  for  aromatic  oxy-acids.  They  were  also  easily  recognized 
by  their  characteristic  odor.  With  seven-day  cultures  a  deep 
cherry-red  color  was  obtained  with  Millon's  reagent  in  the  final 
250  c.c.  extracts.  It  required  dilutions  of  one  part  of  extract 
with  70  to  75  parts  of  water,  to  reduce  the  reaction  to  the  point 
at  which  it  was  just  barely  perceptible. 

Leucin,  Tyrosin  and  Tryptophan. — Leucin,  tyrosin  and 
tryptophan  were  always  present  in  considerable  quantities,  both 
in  pure  cultures  of  the  anaerobes  and  when  the  latter  were  mixed 
with  the  colon  bacillus  or  Proteus  vulgaris.  Albtunoses  and 
peptone  cotdd  be  detected  only  with  considerable  difficulty; 
but  they  were  present,  nevertheless,  as  different  examinations 
have  shown. 

When  the  obligate  anaerobes  were  cultivated  along  with  other 
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bacteria,  decidedly  different  results  were  obtained,  and  here 
again  my  observations  support  those  of  Bienstock.  The  rate 
and  nattire  of  decomposition  depend  on  the  particular  kinds 
of  oi^ganisms  with  which  the  anaerobes  were  mixed.  The  B. 
coli  conmiimis  and  B.  lactis  aerogenes  actually  checked  the 
rate  of  decomposition  of  the  ^g-meat  mixture,  and  hence  caused 
a  decided  decrease  in  the  amount  of  certain  products  in  the 
given  length  of  time.  In  some  instances,  it  required  fully  ten 
days  to  reduce  the  bulk  of  solids  to  the  same  amount  as  when 
the  pure  anaerobe  was  used  for  seven-day  periods.  In  fact  this 
antagonism  of  the  colon  bacillus  to  the  anaerobe  was  most 
noticeable  at  all  times  and  in  every  experiment. 

On  the  other  hand,  the  action  of  Proteus  vulgaris  was  most 
favorable  to  the  rapid  disintegrating  action  of  the  anaerobes. 
With  the  association  of  the  proteus  organism,  a  decided  destruc- 
tion of  the  egg  albumin  could  be  seen  on  the  second  day,  a  phe- 
nomenon which  was  noticeable  only  after  the  second  or  third  day 
in  a  pure  culture  of  the  anaerobe.  In  one  instance  the  bulk  of 
solids  was  completely  reduced  by  the  end  of  the  third  day,  a 
task  which  required  a  full  week  for  the  anaerobe  alone. 

In  mixed  growths  of  the  anaerobe  and  B.  coli  or  B.  lactis 
aerogenes,  an  appreciable  amount  of  indol  and  minute  quantities 
of  skatol  and  skatol-carbonic  acid  were  produced.  In  some 
instances  sufficient  indol  was  present  in  the  final  distillate  to 
give  a  distinct  color  reaction  with  nitric  acid  even  after  25  or 
30  dilutions.  The  greatest  amount  of  indol  was  always  obtained 
with  B.  putrificus  and  B.  coli  mixtures. 

The  presence  of  staphylococci  and  streptococci  in  the  culture 
flasks  exerted  no  noticeable  influence  on  the  rate  and  nature  of 
the  putrefaction. 

In  some  instances  when  the  bacillus  of  malignant  oedema  and 
B.  coli  had  been  grown  together,  no  indol  whatever  could  be 
detected,  and  on  two  occasions  it  was  found  that  the  colon 
bacillus  had  entirely  disappeared  from  the  contents  of  the  flask. 
There  is  every  indication  here  of  an  antagonism  which  is  just  the 
reverse  of  that  mentioned  earlier  in  the  paper.  If  this  should  be 
so,  some  light  would  be  thrown  on  the  quantitative  relationships 
of  certain  of  the  intestinal  bacteria,  particularly  in  cases  of  per- 
nicious ansemia. 
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The  relation  which  the  tetanus  bacillus  bears  to  putrefactive 
decomposition  is  decidedly  different  from  that  of  the  above 
anaerobes.  Although  a  strict  anaerobe,  it  is  unable  to  attack 
native  proteids  like  blood  fibrin  or  the  egg-meat  mixture,  and 
therefore  plays  no  part  in  the  initial  stages  of  putrefaction. 

INTESTINAL  PUTREFACTION. 

The  colon  bacillus  has  for  a  long  time  been  associated  by 
pathologists  with  intestinal  disturbances  that  are  of  a  putre- 
factive and  fermentative  nature.  Some  writers^  even  claim  that 
a  derangement  of  conditions  in  the  intestinal  tract  is  regularly 
accompanied  by  an  increased  number  of  colon  bacilli  in  the  feces. 

I  have  been  making  a  large  number  of  observations  on  this 
point  in  connection  with  some  forty  samples  of  what  seemed  to 
be  normal  feces,  as  well  as  at  least  fifteen  specimens  of  stools 
from  patients  suffering  with  pernicious  anaemia.  It  is  very 
difficult  to  draw  a  general  conclusion  from  the  results.  There 
seems  to  be  no  definite  relationship  between  the  niunber  of  colon 
bacilli  and  the  total  count  of  bacterial  colonies  which  grow  on 
lactose-litmus  agar  plates.  While  in  several  cases  the  **  normal " 
stools  contained  comparatively  few  colon  bacilli,  other  specimens 
yielded  culture  plates  in  which  this  organism  predominated  to 
the  extent  of  75  or  80  per  cent,  of  the  total  count. 

In  a  few  instances  the  number  of  colon  bacilli  in  the  stools  of 
the  anaemia  patients  far  exceeded  the  average  for  the  "normal" 
stools,  and  on  one  or  two  occasions  they  made  up  over  80 
per  cent,  of  the  colonies  in  the  agar  plates.  On  the  other 
hand,  samples  of  stools  from  a  severe  case  of  pernicious 
anaemia  which  was  treated  by  Dr.  Skinner  of  New  Haven,  in 
his  private  sanatorium,  contained  but  comparatively  few  of  the 
colon  bacilli  (0.5-8  percent,  of  total  count),  the  large  majority  of 
bacteria  colonies  consisting  of  streptococci,  and  most  of  the 
remainder  of  staphylococci.  The  colon  bacillus  count  was  also 
very  small  in  one  other  instance  (10-15  per  cent.);  this  was  like- 
wise a  New  Haven  case.  Members  of  the  proteus  group  were 
found  to  be  present  rarely,  and  then  in  small  numbers  only. 

With  but  a  very  few  exceptions,  the  predominating  organism 

»  Miiir  and  Ritchie,  Manual  of  Bacteriology  (American  Edition),  p.  339, 
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in  both  normal  and  anaemia  stools  was  either  the  colon  bacillus 
or  intestinal  streptococcus.  Staphylococci  which  were  appar- 
ently of  the  cereus  albus  group  were  also  commonly  present, 
and  on  two  occasions,  B.  mucosus  capsulatus  was  found  in 
considerable  numbers. 

Several  examinations  of  dogs'  feces  were  also  made.  The 
feces  of  three  of  the  dogs  always  had  a  high  colon  bacillus 
content.  In  a  fourth  case,  colon  bacilli  were  r^ularly  few,  and 
staphylococci  predominated.  All  of  the  dogs  were  fed  on  the 
same  bread  and  meat  diet,  and  appeared  to  be  in  the  same 
condition  generally. 

If  the  colon  bacillus  does  tend  to  increase  in  ntunbers  during 
abnormal  conditions  of  the  intestine,  one  of  two  things  is  highly 
probable.  It  may  itself  be  directly  injurious  and  aggravate  or 
cause  the  disturbance ;  or,  its  function  may  be  a  protective  one. 
The  latter  view  is  firmly  supported  by  Bienstock  and  by  the 
results  of  the  present  investigation. 

If  we  assume  that  intestinal  disturbances  commonly  have  their 
direct  origin  in  excessive  putrefactive  and  fermentative  condi- 
tions, the  colon  bacillus,  if  present  in  large  numbers,  would  tend 
strongly  to  inhibit  the  putrefaction.  In  cases,  however,  where 
putrefaction  has  gone  unchecked,  the  colon  bacillus  is  crowded 
to  the  wall  and  the  antagonism  is  exerted  in  just  the  opposite 
direction.  Experiments  conducted  on  the  egg-meat  decomposi- 
tions largely  support  these  hypotheses. 

Numerous  investigators  have  attempted  to  obtain  bacteria 
which  are  strictly  putrefactive,  from  the  feces  of  man  and  some 
of  the  lower  animals,  but,  with  rare  exceptions,  without  success. 
Even  after  the  ingestion  of  garden  soil  which  contained  an 
abundance  of  putrificus  spores,  Bienstock  was  unable  to  find 
this  organism  in  his  own  feces. 

I  have  also  made  frequent  attempts  to  observe  one  or  an- 
other of  the  known  anaerobes  of  the  putrefactive  type 
in  both  normal  stools  and  those  from  anaemia  patients,  but, 
with  two  exceptions,  I  met  with  failure.  In  one  instance,  the 
putrificus  bacillus  was  easily  identified,  and  in  a  very  recent 
specimen  of  stools  from  an  anaemic  an  organism  in  every  way 
resembling  the  bacillus  of  malignant  oedema  was  present.  Both 
were  recognized  by  their  spore  form.     It  is  a  question,  though, 
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whether  these  oi^ganisms  were  originally  present  in  the  stools  or 
were  mere  contamination  forms.  It  is  an  easy  matter  for  bac- 
teria which  are  so  common  everywhere  to  get  into  specimens  of 
stools,  especially  when  they  are  soft,  no  matter  how  careftilly 
they  may  have  been  collected. 

The  above  examinations  for  anaerobes  were  made  directly  on 
the  feces,  with  the  microscope,  and  after  the  inoculation  of  egg- 
meat  mixtures  in  lai^ge  test-tubes.  In  the  latter  method, 
thorough  decomposition  of  the  native  proteids  was  an  indi- 
cation of  the  presence  of  putrefactive  anaerobes;  neverthe- 
less, microscopic  examinations  were  always  made  of  these  ' 
cultures. 

While  putrefactive  anaerobes  of  the  above  mentioned  type 
cotdd  never  be  identified  in  stools  or  cultures  made  from 
them,  except  in  the  two  cases  cited,  I  have  succeeded  in  the 
large  majority  of  cases  in  bringing  about  some  decomposition 
of  the  egg-meat  mixture,  which  was  accompanied  always  by 
characteristic  putrefactive  odors.  The  reduction  in  the 
bulk  of  the  proteids  amounted  to  from  s  to  30  per  cent, 
of  the  total  volume.  This  reduction  was,  as  a  rule,  made 
more  apparent  if  the  tubes  of  egg-meat  mixture  had  been 
previously  heated  at  80°  C.  for  ten  minutes,  as  Klein  has 
advised  in  connection  with  the  detection  of  his  B.  sporogenes 
capsulatus  in  feces,  sewerage,  etc.  The  principle  again  involved 
in  the  heating  is  that  of  destroying  antagonistic  oiganisms  of 
the  colon  bacillus  type;  for  it  can  be  shown  readily  that  B.  coli 
communis  and  B.  lactis  aerogenes  have  a  strong  inhibiting  action 
on  putrefactive  organisms. 

Up  to  the  present  time  I  have  observed  but  little  difference  in 
the  proteid-decomposing  power  of  stools  from  healthy  persons 
and  those  from  pernicious  anaenwa  patients.  Further  study 
will  undoubtedly  throw  more  light  on  this  question. 

It  is  impossible  to  find  an  explanation  of  the  putrefactive 
action  exerted  on  the  ^g-meat  mixture  by  feces.  It  may  be 
due  to  some  one  or  more  of  the  known  anaerobes  which  regularly 
escape  direct  observation,  or  to  imknown  and  tmrecQgnized 
forms  which  are  conmionly  present.  Nimierous  microscopic 
examinations  of  stools  have  invariably  shown  a  large  number  of 
long,  slender  bacilli  which  stained  but  feebly  by  the  Gram 
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xaethod.     They  always  resisted  cultivation  in  ordinary  media, 
however,  and  little  could  be  learned  about  them. 

Finally,  the  possibility  has  suggested  itself  that  the  Bacillus 
enteritidis  sporogenes  of  Klein  ^  may  be  at  least  partly  responsi- 
ble for  the  putrefactive  properties  of  feces,  although  it  is  gen-  '> 
erally  r^arded  as  a  purely  fermentative  organism,  and  not 
putrefactive.  In  at  least  50  samples  of  stools  that  were  examined 
the  characteristic  Klein  reaction^  for  B.  sporogenes  capsulatus 
was  obtained.  On  but  two  occasions  it  proved  n^ative.  This 
organism  is  a  strict  anaerobe,  and  has  very  strong  fermenta- 
tive powers.  It  is  r^arded  by  many  as  being  identical  with 
Welch's  Bacillus  aerogenes  capsulatus. 

Observations  are  now  under  way  to  determine  whether  the 
Klein  bacillus  has  any  putrefactive  properties  when  grown  in 
sugar-free  proteids,  particularly  native  proteids. 

SUMMARY. 

Putrefaction  is  the  work  of  anaerobes,  and  of  all  the  organ- 
isms examined  thus  far,  of  strict  anaerobes  only.  The  best 
known  of  the  putrefactive  anaerobes  are  Bacillus  putrificus,  the 
bacillus  of  malignant  oedema  and  the  bacillus  of  symptomatic 
anthrax.  Egg-meat  mixture  and  blood  fibrin  are  readily  de- 
composed by  them,  yielding  the  foul-smelling  products  that  are 
so  characteristic  of  real  putrefaction,  particularly  mercaptan. 
In  pure  cultures  of  these  oiganisms,  however,  indol,  skatol,  and 
phenol  are  not  produced,  or  only  in  very  minute  quantities. 

Except  in  a  few  rare  instances,  putrefactive  oiganisms  of  the 
above  type  have  not  been  observed  in  feces,  either  of  normal 
persons  or  of  those  sufEering  with  pernicious  anaemia,  even 
when  the  stools  had  a  decidedly  offensive  odor.  In  the  laige 
majority  of  cases,  however,  feces  have  a  more  or  less  putre- 
factive action  on  the  ^g-meat  mixture,  sometimes  causing  a 
reduction  in  the  bulk  of  the  proteid  of  from  25  to  30  per  cent. 
This  action  is  most  pronounced,  as  a  rule,  after  heating  the 
tubes  for  10  minutes  at  80°  C. 

» Klein,  Centralbl.  f.  Bakt.,  etc.,  xviii,  i  Abt.,  p.  737,  1895. 
'Klein,  ibid.,  xxii,  i  Abt.,  p.  113,  1897;  and  Report  of  Local  Government 
Board,  Supplement,  p.  210,  1897-98. 
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The  Bacillus  enteritidis  sporogenes  of  Klein  is  regularly  present 
in  hiunan  feces,  and  although  commonly,  r^arded  as  being  a 
purely  fermentative  organism,  it  may  be  at  least  partly  respon- 
sible for  putrefactive  changes  in  the  intestine. 

The  observations  recorded  in  this  paper  strongly  support  the 
view  of  Bienstock  that  the  Bacillus  coli  communis  and  Bacillus 
lactis  aerogenes  are  not  harmful  inhabitants  of  the  intestine,  as 
is  so  often  thought,  but  that  their  ftmction  is  a  protective  one. 
Their  presence  in  any  putrefying  meditmi  is  a  hindrance  to  the 
work  of  the  putrefactive  bacteria,  and  therefore  serves  as  a 
check  on  their  activities. 

I  take  pleasure  in  acknowledging  my  indebtedness  to  Dr.  C. 
A.  Herter  for  his  most  valuable  suggestions  and  personal  help 
in  this  work. 
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The  study  of  the  fermentation  of  fat  presents  in  some  respects 
very  favorable  conditions  for  investigation.  The  reaction  of 
the  hydroly tic  cleavage  of  a  simple  ester  is  a  direct  monomolec- 
ular  reaction  in  one  stage,  and  one  that  is  chemically  and 
physically  well  understood.  Fats  and  esters  may  be  prepared 
in  a  state  of  high  purity.  The  quantitative  estimation  of  a  fat 
or  a  fatty  acid  may  be  accomplished  with  accuracy  and  com- 
parative ease.  These  conditions  fulfill  the  analytical  desiderata. 
The  catalytic  accelerations  of  the  hydrolyses  of  esters  comprise 
some  of  our  best  studied  examples  of  catalyses.  Under  these 
circumstances  the  use  of  a  lipase  possessing  as  little  as  possible 
of  the  unfortunate  labile  attribute  of  ferments  as  a  class  promises 
exceptional  results.  The  lipases  of  animal  origin  are  not  adapted 
to  this  end.  They  are  all  quite  labile,  are  difficult  of  preparation 
and  conservation,  and  present  in  actual  work  many  other 
difficulties  that  seriously  impair  the  validity  of  the  results 
In  the  lipases  of  vegetable  origin  we  possess,  however,  ferments 
most  admirably  adapted  to  exact  investigations. 

The  question  of  the  identity  of  the  animal  and  vegetable  fer- 
ments is  a  vain  discussion.  Both  animal  and  vegetable  lipases 
are  able  to  accelerate  the  cleavage  of  all  the  simple  esters  of 
the  monatomic  alcohols  and  of  glycerin,  as  well  as  of  many 
synthetic  esters.  The  statement  of  Arthus^  that  animal  lipase 
is  a  monobutyrinase  is  a  verbal  quibble.  The  acceleration  of 
the  hydrolysis  of  these  different  esters  manifested  by  the  fer- 
ments varies  with  the  different  animal  and  vegetable  lipases, 
but  this  furnishes  no  ground  for  a  segregation.  Lipase  of  animal 
origin  is  able  to  accelerate  the  hydrolysis  of  the  glycerides  of 
the  lower  fatty  acids;  the  negative  results  of  some  investi- 
gators rest  upon  some  error  in  the  experiments. 

•Arthtis,  Journ,  <f.  physiol.  et  path.,  iv,  p.  455,  1903. 
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The  investigations  to  be  here  reported  were  carried  out  with 
the  lipase  of  the  castor-bean  (Ricinus  communis)  first  described 
by  Green.  ^  This  ferment  is  characterized  by  an  exceptional 
stability,  manifested  in  a  marked  resistance  to  hydrolysis  and 
bacterial  decomposition.  This  quaUty  is  so  marked  that  it  has 
permitted  of  the  conamercial  use  of  this  ferment  for  the  purpose 
of  the  manufacture  of  glycerin  from  refuse  fats.  It  is  prepared 
with  little  difficulty  in  large  quantities,  and  may  be  conserved 
with  little  loss  in  enzymic  properties  through  long  periods  of 
time.  Fresh,  fully  ripe  castor-beans  are  freed  of  their  shells, 
mashed,  and  extracted  with  water-free  ether  until  freed  of  lip- 
oids. This  operation  is  a  tedious  process.  The  residue  requires 
multiple  pulverizations  between  the  extractions,  but  eventually 
the  powder  is  free  of  fat  and  is  dry,  very  light  and  fluffy,  and  of 
a  pale  yellow  color.  It  is  possible  also  to  use  the  refuse  residue 
of  the  commercial  compression  of  the  castor-oil;  too  often,  how- 
ever, a  high  temperature  is  developed  in  the  process  of  com- 
pression, and  the  Upase  is  largely  destroyed.  This  powder  keeps 
indefinitely  in  the  dry  state. 

The  powder  must  be  freed  of  fat  in  order  that  the  substrate  in 
the  experiment  shall  not  be  invalidated  in  the  quantitative 
sense.  One  might  estimate  the  fat  in  the  castor-beans,  and 
then  allow  for  it  in  the  tests;  but  under  such  circumstances  a 
proper  mixing  of  the  fatty  powder  is  not  possible,  and  this 
mixing  is  necessary  in  order  that  the  enz5rmic  strength  of  the 
preparation  shall  be  uniform.  The  ferment  is  not  evenly  dis- 
tributed throughout  the  different  tissues  of  the  bean.  It  would 
in  any  event  be  very  undesirable  to  have  in  the  system,  in 
addition  to  the  single  pure  fat  that  has  been  selected  as  the 
substrate,  a  mixture  of  the  different  fats  and  lecithins  of  the 
castor-bean. 

Ferment  is  lost  in  this  process.  This  loss  affords  a  very  pretty 
illustration  of  the  principle  of  partition.  Lipase  is  entirely  in- 
soluble in  ether;  it  is,  however,  quite  soluble  in  ether  containing 
a  fatty  body.  (I  use  the  term  soluble  in  the  ordinary  sense; 
in  the  strict  sense  the  ferment  is  a  suspended  colloid.)  The 
different  fractions  of  ether  employed  in  the  successive  extractions 
contain  quantities  of  ferment  proportional  to  the  fat  content. 

«  Green,  Proc,  Roy.  Soc.,  xlviii,  p.  370,  1890. 
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If  a  lipase  preparation  be  mixed  with  water  and  ether,  the  fer- 
ment will  pass  into  the  water  to  some  extent;  it  will  not  pass  into 
the  ether;  the  larger  portion  of  the  ferment  will  remain  in  the 
third  layer.  If  an  ester  soluble  only  in  ether  be  introduced  into 
the  system,  Upase  will  pass  into  the  ether.  If  an  ester  soluble  in 
both  ether  and  water  be  introduced  into  the  system,  lipase  will 
pass  into  the  ether,  and  also  into  the  water  phase  to  a  greater 
extent  than  into  simple  water.  This  property  is  not  confined  to 
the  lipase  of  the  castor-bean  powder,  the  endotrypsin  and  inver- 
tase  exhibit  also  the  same  behavior.  It  is  therefore  probable 
that  the  phenomenon  is  related  to  the  formation  of  a  ferment- 
lipoid  complex,  rather  than  to  the  combination  of  lipase  and 
fat  in  their  capacities  of  substrate  and  ferment.  The  colloidal 
proteins  have  physico-chemical  relations  to  the  lipoids  entirely 
independent  of  their  fermentative  relations. 

The  lipase  acts  best  in  an  acid  reaction.  The  optimum  con- 
centration is  not  narrow,  rather  high  concentrations  of  acetic 
acid  being  tolerated  without  depression.  One  may  safely 
employ  2 . 5  per  cent,  solutions  of  the  triacetin,  without  fear  that 
the  acetic  acid  evolved  will  depress  the  reaction.  On  the  con- 
trary, one  may  add  alkali  and  so  neutralize  the  acetic  acid 
that  the  acidity  is  kept  quite  low,  without  disturbing  the  pro- 
gression of  the  reaction. 

This  castor-bean  powder  contains  several  ferments.  I  have 
definitely  determined  lipase,  amylase,  invertase,  maltase,  and 
an  endotrypsin  to  be  present.  A  peroxydase  is  not  present.  In 
addition  to  these  are  different  proteins — globtilin  and  albtimin, 
nucleo-albumin,  and  a  glycoprotein.  It  is  possible  to  separate 
the  lipase  from  most  of  these  other  substances.  It  is,  however, 
not  desirable  to  do  so.  The  presence  of  the  proteins  protects 
the  lipase  from  the  action  of  the  endotrypsin.  The  more  purified 
the  lipase,  the  less  stable  is  it.  It  is  possible  to  show  that  with 
the  use  of  the  original  powder  the  Upase  retains  its  full  activity 
in  a  fermenting  system  for  days;  with  the  use  of  partially 
purified  powder  this  cannot  be  observed. 

This  powder  forms  with  water  a  turbid  suspension.  If  filtered 
through  paper,  an  opaque  solution  is  secured  that  contains  some 
lipase  but  much  less  than  the  original  suspension.  The  ferment 
will  pass  through  some  infusorial  filters  to  some  extent;  through 
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others  it  will  not  pass  at  all.  It  is  quantitatively  retained  by 
successive  filtrations  through  paper. 

The  ferment  is  very  resistant  to  heat.  When  dry  it  may  be 
heated  to  over  ioo°  C.  without  injury.  Suspended  in  water  it  is 
hydrolyzed  on  heating;  nevertheless,  in  an  acid  reaction  the 
destruction  is  much  less  rapid  than  in  an  alkaline  reaction.  In 
the  presence  of  a  fat,  heating  is  well  borne;  this  is  another  illus- 
tration of  the  general  fact  that  ferments  are  protected  by  their 
substrates  from  the  disintegration  of  hydrolysis. 

As  substrate  I  have  employed  largely  the  triglyceride  of  acetic 
acid,  commonly  termed  triacetin.  This  ester  may  be  prepared 
in  a  state  of  almost  absolute  purity.  It  is  best  prepared  as 
suggested  by  Seehg  ^ ;  the  diglyceride  is  first  prepared,  and  then 
the  triacetin  obtained  from  it  by  prolonged  heating  with  an 
excess  of  anhydrous  soditmi  acetate  and  acetic  anhydride.  The 
ester  should  be  purified  by  distillation  at  low  pressure.  This 
ester  possesses  many  advantages.  It  is  very  stable;  water-free, 
it  is  practically  permanent.  Watery  solutions  are  hydrolyzed 
very  slowly  at  ordinary  temperature;  a  i  per  cent,  solution  will 
yield  scarcely  a  demonstrable  trace  of  acidity  in  a  month  at 
room  temperature.  Acids  of  course  accelerate  this  hydrolysis, 
but  not  with  marked  rapidity.  The  factor  of  auto-catalysis 
is  therefore  reduced  to  a  minimum,  and  may  be  disregarded  in 
ordinary  tests  of  moderate  duration.  The  hydrolysis  of  the 
ester  is  very  easily  accelerated  by  lipase.  Triacetin  is  much 
more  easily  fermentable  with  lipase  than  is  ethyl  acetate.  Ethyl 
acetate  is  much  more  easily  split  by  acids  than  is  triacetin.  The 
esters  of  the  simple  monatomic  alcohols  are  indeed  quite  resistant 
to  the  castor  lipase,  and  the  results  of  quantitative  tests  are 
irregular  and  imsatisfactory.  The  statement  of  Connstein^  that 
the  Ricinus  lipase  acts  only  on  the  triglycerides  of  the  higher 
fatty  acids — and  by  implication  not  on  triacetin — ^is  incompre- 
hensible to  me,  since  I  have  always  found  it  active.  Lipase  of 
animal  origin  is  very  active  in  the  acceleration  of  the  hydrolysis 
of  triacetin ;  it  constitutes,  in  my  opinion,  the  very  best  routine 
test  for  a  fat-spUtting  ferment.  The  extent  of  reaction  is  readily 
determined  by  a  titration. 

>  Seelig,  Bet.  d.  deutsch,  chem.  Gesellsch.,  xxiv,  p.  3466,  1891. 
•  Connstein,  Ergebnisse  d.  Physiol.^  iii,  i,  p.  231,  1904. 
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The  reversed  reaction,  the  formation  of  triacetin  from  glycerin 
and  acetic  add,  though  demonstrable,  is  a  reaction  of  very  low 
velocity,  so  low  that  the  factor  may  be  disregarded  in  ordinary 
tests.  The  reaction  of  cleavage  is,  however,  never  complete; 
there  is  a  definite  point  of  equilibrium  in  the  reaction,  as  there 
seems  to  be  in  all  systems  of  the  order  of  ester   +  water  fr 

fatty  acid  -»■  alcohol.  The  position  of  the  station  of  equiUbriiun 
may  be  determined  by  carrying  out  an  acid  hydrolysis  tmtil  the 
titration  becomes  stationary.  This  I  have  done  for  0.5,  i.o, 
and  2.0  per  cent,  solutions  of  triacetin.  The  hydrolysis  was 
accomplished  by  means  of  normal  acid,  adding  an  equal  volume 
of  a  normal  sulphuric  acid  to  the  solution  of  triacetin  and  allowing 
the  system  to  lie  for  several  months  until  the  equilibritmi  was 
reached.  It  is  not  possible  to  employ  a  high  temperature, 
since  the  station  of  equilibrium  may  be  shifted  by  alteration 
in  temperature.  The  o.  5  per  cent,  solution  when  in  equilibrium 
has  the  composition,  ester  12:  products  88;  the  i  per  cent, 
solution  has  the  composition,  ester  18  :  products  82;  and  the  2 
per  cent,  solution  has  the  composition,  ester  22  :  products  78. 
When  these  are  compared  with  the  equilibria  observed  in  similar 
systems  hydrolyzed  with  Upase,  it  is  noted  that  approximately 
the  same  values  are  observed.  Thus  the  completed  fermenta- 
tion of  the  0.5  per  cent,  solution  has  the  composition,  ester  14  : 
products  86;  the  i  per  cent,  solution  has  the  composition, 
ester  21  :  products  79;  while  the  2  per  cent,  solution  has  the 
composition,  ester  30  :  products  70.  From  these  data  we  may 
reason  that  the  lipase  does  not  shift  the  station  of  equiUbrium, 
i.  e.  unUke  most  ferments,  it  acts  as  a  pure  catalysor. 

There  have  been  few  studies  on  the  quantitative  relations 
in  the  action  of  Upase  on  a  soluble  substrate.  Kastle  and 
Loewenhart  ^  and  later  Kastle,  Johnston,  and  Elove,^  using  animal 
lipase,  found  that  the  transformation  was  not  closely  proportional 
to  the  substrate  concentration;  there  was  a  lagging  in  the  con- 
stants. This  lagging  they  attributed  to  the  influence  of  the 
fatty  acid.  The  ferment  was  fotmd  to  be  quite  resistant  to 
inactivation  while  in  the  digesting  system.     The  investigations 

>  Kastle  and  Loewenhart,  Atner.  Chem.  Jaurn.,  xxiv,  p.  491,  1900. 

>  Kastle,  Johnston,  and  Elove,  Md.,  xxxi,  p.  521,  1904. 
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of  Vollhard/  Stade,^  Froimne,^  Engel,*  Connstein,  Hoyer,  and 
Wartenberg,^  Nicloux/  Henri  and  Nicloux,^  Zellner,*  and 
Kanitz  ^  are  not  comparable  directly  with  the  experiments  on 
digestion  of  a  soluble  substrate,  since  they  worked  with  bi- 
colloidal  systems. 

The  lipase  of  the  castor-bean  yields  exceptionally  good  quanti- 
tative results  in  experiments  on  the  reaction  kinetics  of  the 
process.  I  have  usually  added  toluol  to  the  tests.  One  could 
with  careful  technique  dispense  with  any  antiseptic,  since  the 
powder  and  the  triacetin  are  both  sterile.  The  methylbenzol, 
however,  does  not  in  the  least  disturb  or.  modify  the  action  of 
the  ferment  and  the  technique  is  simpler  when  it  is  employed. 
The  following  table  contains  the  measurements  on  three  sets 
of  tests  carried  out  at  a  uniform  temperature  of  i8°  C,  with 
solutions  of  varying  strength.  The  ferment  concentration  was 
I  gram  of  the  powder  to  the  volume  of  loo  c.c.  For  each 
measurement  there  was  a  separate  test.  This  was  made  neces- 
sary by  the  fact  that  it  is  not  possible  to  obtain  with  a  pipette 
from  a  large  mass  of  the  mixture  a  portion  that  may  be  trusted 
to  be  representative  of  the  whole.  With  the  use  of  multiple 
tests  one  avoids  this  difficulty,  but  one  has  then  the  results 
exposed  to  the  variations  in  the  weighing  of  the  substrates  and 
ferment  for  the  several  tests,  errors  that  are  of  no  little  moment, 
since  the  powder  is  difficult  to  weigh  on  account  of  the  magnetic 
property  that  causes  it  to  fly  apart  when  touched.  The  measure- 
ment was  made  by  a  titration  of  the  filtrate.  The  results  are 
calculated  according  to  the  monomolecular  order  of  the  reaction 

by  the  equation,  c  =  ^  log  -^,  derived  by  integration  from  the 
equation—,.^  =c  (a-x).     The  constants  are  X  lo'*. 

>  Vollhard,  Zeitschr.  /.  klin.  Med.^  xlii,  p.  414,  1901;  xliii,  p.  397,  1901. 
'Stade,  Beitr.  s.  chem.  Physiol,  u.  Path.^  iii,  p.  291,  1903. 

•  Fromme,  ibid.,  vii.,  p.  51,  1905. 

•  Engel,  ibid.,  vii,  p.  77,  1905. 

» Connstein,  Hoyer,  and  Wartenberg,  Ber.  d.  deuisch.  chem.  Gesellsch., 
•XXXV,  p.  3988,  1902. 

•  Nicloux,  Compt.  rend,  de  soc.  biol.,  Ivi,  p.  840,  1904. 
» Henri  and  Nicloux,  ibid.,  Ivii,  p.  175,  1904. 

•  Zellner,  Monaish.  f.  Chem.,  xxvi,  p.  727,  1905. 

•  Kanitz,  Zeitschr.  f.  physiol.  Chem.,  xlvi,  482,  1905. 
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t  (hrs.) 

4 

8 

i6 

24 

28 

32 

40 

48 

0.6  %« 

A 
C 

0.096 
109 

0.162 
96 

0.287 
92 

0.418 
98 

0.489 
104 

0.477 

88 

0.623 
106 

0.652 
97 

1  %  X 

A 
C 

0.083 
94 

0.174 
104 

0.338 
112 

0.418 
98 

0.488 
104 

0.542 
106 

0.609 
102 

0.655 
96 

2  %  X 

A 
C 

0.098 
112 

0.174 

104 

1 

0.323 
106 

0.431 
102 

0.502 
108 

0.485 
90 

0.595 
98 

0.636 
91 

Despite  the  notable  variations  in  the  constants,  they  are, 
when  the  conditions  of  the  experiment  are  taken  into  considera- 
tion, in  good  agreement.  Most  important  is  the  agreement  in 
the  constants  of  the  different  series  with  varying  substrate 
concentrations.  This  agreement  warrants  the  statement  that 
in  the  fermentation  of  triacetin  by  lipase  the  transformation 
in  the  unit  of  time  is  proportional  to  the  mass  of  the  substrate. 

I  have  not  been  able  to  obtain  a  similar  result  with  the  cor- 
responding ester  of  a  simple  alcohol.  As  before  mentioned, 
the  esters  of  the  simple  alcohols  do  not  behave  with  lipase  as 
do  the  esters  of  glycerin.  Thus,  for  two  different  series  with 
ethyl  acetate  the  following  constants  were  obtained.  The  con- 
stants are  X  lo-^. 

1  per  cent. — 203     264     246     221     186     234     164     238 

2  per  cent. — 390     413     322     253     433     410     298     436 

The  agreement  between  the  constants  in  each  series  is  not 
good, — not  so  good  as  obtained  by  Kastle,  Johnson,  and  Elove.  ^ 
What  makes  them,  however,  of  very  little  value  is  the  fact  that 
the  constants  for  the  two  series  are  not  at  all  in  agreement. 
This  is  the  difficulty  that  has  been  so  often  met  with  in  fermen- 
tation tests  by  various  authors.  No  one  has  yet  obtained  an 
agreement  in  the  constants  for  different  initial  substrate  con- 
centrations in  the  fermentation  of  protein,  starch,  glucose,  or 
of  glucosides;  and  such  agreement  has  been  obtained  in   the 

<  Loc.  cit. 


94  Oi^  the  Action  of  Lipase 

inversion  of  saccharose,  maltose,  and  lactose  by  Henri  ^  and  Arm- 
strong ^  only  with  the  use  of  the  special  equation  of  Henri.^ 
The  agreement  of  the  constants  in  the  fermentation  of  triacetin 
and  the  lack  of  agreement  in  the  fermentation  of  ethyl  acetate 
indicate  that  we  must  not  look  entirely  to  the  ferment  for  the 
cause  of  deviations  in  the  quantitative  progression  of  a 
fermentation.  I  have  found  the  same  fact  to  hold  for  the  lipase  of 
the  pancreatic  juice;  it  accelerates  the  hydrolysis  of  triacetin 
much  more  actively  and  regularly  than  that  of  ethyl  acetate. 

One  theoretical  objection  might  be  made  to  the  direct  applica- 
tion of  the  law  of  the  monomolecular  reaction  to  the  reaction  of 
the  hydrolysis  of  a  triglyceride;  namely,  that  the  reaction  occurs 
in  three  stages.  That  the  three  molecules  of  fatty  acid  are 
successively  split  off  is  theoretically  probable,  since  it  is  known 
that  in  the  synthesis  of  the  triglycerides  they  are  added  succes- 
sively. The  experimental  demonstration  of  the  existence  of 
a  monoglyceride  or  a  diglyceride  in  the  system  at  any  moment 
of  the  reaction  has,  however,  never  been  conclusively  accom- 
plished, and  if  the  reaction  occurs  in  stages,  these  are  appar- 
ently very  transient.  The  experimental  results  indicate  that  if 
the  reaction  is  one  in  multiple  stages,  the  relative  progression 
is  so  regular  that  the  experimental  velocity  corresponds  to  that 
of  a  reaction  of  the  first  order  in  a  single  stage. 

The  influence  of  increase  of  temperature  on  the  velocity  of 
the  lipase  fermentation  of  triacetin  was  tested  by  the  use  of  the 
empirical  equation  of  van't  Hoff : 

Velocity  at  Tn  +  lo 

""Velocity  at  Tn 

Employing  temperatures  i8°  and  28°  C,  the  average  of  several 
series  was  2.6.  The  figures  vary  somewhat  with  different 
preparations  and  concentrations,  nevertheless  they  correspond 
directly  with  what  would  be  expected  with  a  chemical  reaction 
in  a  homogeneous  system. 

My  experiments  on  the  hydrolysis  of  the  higher  glycerides  have 
been  limited  to  triolein.     Against  the  employment  of  natural 

>  Henri,  Lois  g&n4rales  des  diastases,  1903,  p.  93. 
•Armstrong,  Proc.  Roy.  Soc,  Ixxiii,  pp.  500,  516,  1904. 
■Loc.  cii.,  p.  85. 
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fats  composed  of  the  triglycerides  of  oleic,  palmitic,  and  stearic 
acids,  theoretical  objections  based  upon  the  impossibility  of 
controlling  the  substrate  concentration  may  be  ui^ged.  When 
we  speak  of  a  fluid  natural  fat,  we  mean  a  fat  in  which  at  the 
temperature  present  the  triolein  is  able  to  hold  the  tripalmitin 
and  tristearin  in  solution.  The  triolein  is  the  solvent  for  the 
other  two  esters.  The  so-called  melting-point  of  a  natural  fat  is 
not  a  physical  melting-point  at  all;  it  represents  the  temperature 
at  which  the  mass  of  triolein  in  the  fat  under  observation  is 
able  to  hold  in  solution  the  tristearin  and  tripalmitin;  it  is  a 
phenomenon  of  solution,  of  saturation,  and  does  not  correspond 
to  the  transfer  of  a  substance  from  the  soHd  to  the  fluid  state. 
Analagous  relations  hold  for  oleic  acid.  It  is  a  solvent  for 
triolein,  and  also  for  tripalmitin  and  tristearin.  Furthermore, 
triolein  dissolved  in  a  watery  solution  of  oleic  acid  is  a  better 
solvent  for  the  other  two  esters  than  is  a  solution  of  triolein 
in  water.  There  is  some  evidence  that  in  the  fermentation  of  a 
mixed  fat  the  tristearin  is  first  and  most  easily  attacked.  In 
any  event,  it  is  obvious  that  with  the  facts  as  stated,  we  are  con- 
fronted with  the  condition  that  in  the  system  under  observation 
one  of  the  products  of  the  reaction  increases  the  solubility  of 
the  substrate ;  and  with  the  substrate  and  the  products  both  par- 
ticipating in  the  rdle  of  the  solvent,  the  substrate  concentration 
cannot  be  controlled.  This  control  of  the  substrate  concentra- 
tion is  however  the  conditio  sine  qua  non  of  the  application  of 
the  equation  for  the  reaction,  and  thus  the  impossibility  of 
securing  accurate  results  in  the  digestion  experiment  with  mixed 
fats  is  apparent.  Vollhard,^  Stade,^  Fromme,^  and  Engle,* 
worked  with  gastric  lipase;  and  used  the  yolk  of  egg  for  substrate. 
In  the  experiments  of  VoUhard,  Stade,  and  Fromme  the  results 
were  irregular.  In  the  results  of  Engel  the  constants  conformed 
in  a  rough  way  with  the  equation  C=f7«,  though  the  constants 
fell  progressively.  Connstein,  Hoyer,  and  Wartenberg^  studied 
the  action  of  hpase  of  the  castor-bean  upon  different  nattiral 

«  Loc.  cii. 
2  Loc.  cit. 
«  Loc.  cit. 
4  Loc.  cit. 
i  Loc.  cit. 
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fats.  They  did  not  carry  out  any  controlled,  quantitative 
tests,  but  a  recalculation  of  their  results  indicates  that  the 
reaction  was  not  a  function  of  time,  nor  proportional  to  the 
substrate  concentration.  They  determined  that  the  higher  the 
fatty  acid  in  the  scale,  the  more  easily  was  its  triglyceride 
fermentable.  Nicloux,^  working  with  the  Ricinus  lipase  and 
olive-oil,  found  that  with  high  concentrations  of  the  ferment, 
the  transformation  was  roughly  proportional  to  the  mass  of 
substrate.  Henri  and  Nicloux^  found  that  with  low  concen- 
trations of  the  ferment  the  transformation  was  constant  in  the 
unit  of  time.  Zellner^  studied  the  lipase  of  Amanita  muscaria. 
Working  with  olive-oil  he  found  the  transformation  constant 
in  the  unit  of  time;  with  tallow,  he  obtained  an  irregular  result. 
Kanitz*  has  most  recently  studied  pancreatic  lipase,  and  he 
seems  to  have  been  able  to  secure  much  more  active  preparations 
than  has  been  the  fortune  of  most  investigators.  He  found  the 
transformation  of  olive-oil  was  not  a  ftmction  of  time,  but 
proportional  to  the  square  root  of  the  time.  In  none  of  the 
above  investigations  was  mechanical  shaking  employed,  though 
the  theory  demands  it. 

Even  with  the  employment  of  a  single  ester  of  the  higher 
fatty  acids,  such  as  triolein,  it  is  apparent  that  anomalous  con- 
ditions are  in  hand.  One  is  working  with  a  bi-colloidal  system. 
The  ferment  is  in  colloidal  suspension,  the  fat  is  in  colloidal 
suspension  if  a  proper  emulsion  be  secured.  The  reaction  may  be 
probably  assumed  to  occur  only  at  the  boimdary  of  contact  of 
the  ferment  phase,  though  this  is  not  certain.  Two  streams  of 
diffusion  are  therefore  obviously  necessary  instead  of  the  single 
stream  of  the  substrate  to,  and  the  products  from,  the  film  of 
reaction,  as  in  the  case  of  the  hydrolysis  of  a  soluble  fat  by 
Upase.  Working  with  low  concentrations  of  lipase  corresponding 
to  those  that  were  employed  in  the  other  tests  and  using  ptirified 
triolein  as  a  substrate,  I  have  obtained  the  following  restilts. 
Regular  and  systematic  mechanical  shaking  is  essential  in  these 
experiments. 

>  Loc.  cit, 
*Loc,  cit, 
*  Loc,  Cit, 
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Two  per  cent,  suspension  of  triolein,  ferment  powder  i  per 
cent.,  temperattire  18°  C.  The  results  are  in  terms  of  cubic 
centimeters  of  decinormal  acid;    t  is  days. 

^     I         2        3        4        5         7         9         II         14         18 
X    3        5       7.5      9       II       16     21.6     27.2     33.1      38.1 

These  give  the  following  increases  in  acidity  for  each  day:  3 — 
2 . 5 — 1 . 5 — 2 — 2 . 5 — 2 .  s — 2 . 8 — 2 . 8 — 2 . 8 — 2 . 2 — 2 . 2 — 2 . 2 — 2 . 2 
— 2.7 — 2.7.  Though  it  must  be  stated  that  there  is  quite  a 
possibility  of  error  in  the  estimation  of  the  acidity — an  extraction 
with  ether,  followed  by  the  titration  in  alcohol  of  the  ethereal  ex- 
tract— it  is  apparent  that  the  transformation  is  a  linear  ftmction 
of  time,  7  =■  C".  Henri  and  Niclotix  ^  obtained  similar  results. 
They  found  that  there  was  for  the  castor-bean  lipase  an  optimum 
concentration  of  acidity;  when  at  this  concentration  of  acidity 
different  concentrations  of  substrate  were  split  with  the  Hpase, 
the  transformations  in  all  were  approximately  identical  in  time. 
Zellner  ^  obtained  a  similar  result  with  the  mushroom  lipase. 

This  experimental  result — that  the  velocity  is  a  function  of 
time — ^might  be  theoretically  interpreted  from  three  points  of 
view:  (a)  the  experimental  velocity  represents  simply  a  reaction 
velocity  in  a  homogeneous  system  at  a  maintained  saturation 
of  the  substrate;  (fc)  the  experimental  velocity  represents  a 
superimposition  of  reaction  and  diffusion  velocities;  (c)  the 
experimental  velocity  represents  a  diffusion  velocity  alone. 

(a)  The  experimental  result  that  the  transformation  was 
constant  in  time  might  be  held  to  be  in  accordance  with  the  idea 
that  the  reaction  was  essentially  a  monomolecular  reaction  in 
a  homogeneous  system.  If  in  such  a  system  the  substrate  be 
maintained  constant  and  the  products  of  the  reaction  removed, 
the  transformation  ought  to  be  a  direct  function  of  time.  In 
the  present  instance  it  may  be  assumed  that  as  fast  as  a  molecule 
of  fat  was  hydrolyzed  and  the  fatty  acid  passed  out  of  solution, 
a  corresponding  molecule  of  fat  would  pass  into  solution  from 
the  suspended  excess;  thus  the  substrate  concentration  wotild 
remain  constant,  and  the  products  would  not  accumulate  to 
depress  the   reaction.      These  being  the  relations,  the  trans-. 

1  Lac.  ciu 
>  Loc,  cit. 
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formation  would  follow  the  equation:  Const.  Concentr.  =^. 
This  proposition  obviously  regards  the  suspended  fat  as  inactive 
in  the  sense  of  the  law  of  mass  action,  the  soluble  fat  only  as 
active.  It  is,  however,  an  error  to  suppose  that  the  sattiration 
would  be  imiform  through  the  course  of  such  an  experiment. 
The  solubility  of  the  fat  is  influenced  by  the  presence  of  the 
fatty  acid.  Supersattiration  would  be  certain  to  occur  at  the 
line  of  contact  of  the  two  phases,  and  the  degree  of  supersatura- 
tion  would  be  in  a  sense  proportional  to  the  dimensions  of  the 
boundary  of  contact  of  the  substance  to  be  dissolved,  at  least  if 
proper  stirring  be  maintained.  It  is  apparent  that  in  this  hy- 
pothesis the  assumption  is  tacitly  made  that  of  the  two  processes, 
that  of  Solution  of  the  substrate  and  of  the  reaction  of  the 
substrate  with  the  ferment,  the  velocities  are  tmiform  and  con- 
stant. Now  the  velocity  of  the  solution  of  the  substrate  is 
certainly  a  diffusion  velocity,  and  the  attempt  to  regard  the 
measured  velocity  of  the  fermentation  purely  as  a  reaction 
velocity  in  a  system  at  constant  saturation  is  not  permissible, 
unless  one  makes  the  asstmiption  that  the  diffusion  occurs  with 
practically  infinite  rapidity  as  contrasted  with  the  reaction. 
For  this  last  assumption  there  is  no  evidence,  quite  to  the 
contrary. 

(fc).  If  the  experimental  velocity  be  regarded  as  a  super- 
imposition  of  the  reaction  and  diffusion  velocities,  it  follows  that 
the  concordance  of  the  experimental  result  with  the  equa- 
tion C  ^j  was  merely  a  coincidence.  The  diffusion  and  reaction 
velocities  have  different  temperature  coefficients;  the  coefl&- 
cient  of  solubility  would  vary  greatly  with  temperature;  the 
supersaturation  cannot  be  regarded  as  constant  on  account  of 
the  progressively  lessening  surface  of  the  suspended  fat  and 
because  of  the  influence  of  the  fatty  acid  on  the  solubility  of 
the  fat.  If,  therefore,  at  any  particular  temperature  the  ex- 
perimental velocity  follows  the  equation  C*  =  j,  that  would  be 
a  coincidence,  and  could  not  hold  for  different  temperattires. 
Now  the  results  in  experiments  at  different  temperatures,  as 
I  have  learned,  express  the  same  mathematical  relation.  The 
experimental  velocity  in  the  unit  of  time  is  simply  somewhat 
faster  at  higher  temperature.  That  the  experimental  tempera- 
ture coefficient  is  low,  as  will  be  noted  later,  speaks  directly 
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against  the  idea  that  the  experimental  velocity  represents  a 
superimposition  of  a  diffusion  and  a  reaction  velocity. 

(c).  If  the  experimental  velocity  is  to  be  interpreted  as 
representing  a  diffusion  velocity  solely,  it  is  implied  that  the 
time  consimied  in  the  chemical  reaction  of  hydrolysis  is  practi- 
cally nil  as  compared  with  the  time  consumed  in  the  processes 
of  diffusion.  As  above  elucidated,  the  experimental  result  is 
scarcely  to  be  explained  on  the  basis  of  a  reaction  velocity  in  a 
reaction  of  the  first  order.  Even  were  we  to  asstune,  as  has  been 
customary,  that  under  the  drctunstances  of  a  reaction  in  a 
heterogeneous  system  the  velocity  of  reaction  is  proportional 
to  the  active  mass  of  the  reacting  bodies  and  to  the  dimensions 
of  the  surface  of  contact,  the  present  result  is  anomalous.  That 
the  active  substrate  concentration  was  constant  during  this 
experiment  cannot  be  granted,  though  the  triolein  was  in  satu- 
rated solution  after  a  certain  amount  of  oleic  acid  was  produced. 
The  dimensions  of  the  surface  of  contact  cannot  be  believed  to 
have  remained  constant,  unless  we  assume  that  the  relation 
between  the  water  and  the  ferment  was  independent  of  the 
triolein  and  the  oleic  acid.  As  a  matter  of  theory  we  are  driven 
to  the  conclusion  that  the  phase  relations  in  the  system  represent 
an  eqiiilibrium  between  the  triolein,  oleic  add,  glycerin,  ferment, 
and  water.  The  system  water-triolein  is  a  two-phase  system 
in  the  strict  sense  of  the  word.  The  triolein  is  almost  insoluble 
in  water.  With  the  advent  of  the  oleic  add,  much  more  of  the 
trioldn  will  be  taken  into  solution.  We  will  then  have  a  water- 
rich,  trioldn-oldc-add-poor  phase,  and  a  water-poor,  trioldn- 
oldc-add-rich  phase.  When  lipase  is  mixed  with  water,  we 
have  a  two-phase  system,  a  water-rich,  ferment-poor  phase» 
and  a  water-poor,  ferment-rich  phase.  At  the  boundary  of  con- 
tact of  the  phases  in  each  instance  there  is  a  zone  of  hypef- 
saturation,  a  phenomenon  of  adsorption.  When  these  two  sys- 
tems of  phases  are  combined,  as  occurs  in  the  experiment,  an 
equilibritim  must  obviously  occur  between  these  relations  (cf, 
Henri  ^).  As  the  digestion  proceeds,  i.  e.,  as  the  fat  is  split 
and  glycerin  passes  into  the  water  and  oleic  add  passes  out  of 
solution  in  each  minute,  these  phase  relations  must  be  shifted. 

>  Henri,  Zeiischr.  /.  physik.  Chem,,  li,  p.  19,  1905. 
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In  the  beginning  of  the  experiment,  the  colloidal  phase  contains 
much  triolein;  at  the  close  of  the  experiment,  principally  oleic 
add.  To  these  alterations  of  the  substrate,  the  partition  of 
the  ferment  phase  must  adjust  itself. 

Under  these  circimistances  the  experimental  result,  that  the 
transformation  is  a  linear  fimction  of  time,  is  best  explained  on 
the  Nemst  ^  hypothesis  that  the  experimental  velocity  is  not  a 
reaction  velocity  in  the  chemical  sense,  but  a  diffusion  velocity 
in  the  physical  sense.  The  theory  of  Nemst  is  based  upon  the 
proposition  that  chemical  reactions  occurring  at  the  boundary  of 
contact  of  two  phases  do  so  with  practically  infinite  velocity. 
Time  would  therefore  be  consumed  only  in  the  diffusions  to 
and  from  the  film  of  contact  of  the  two  phases  where  the  chemical 
reaction  occurs.  This  excludes  the  application  of  the  van't 
Hbff  theory  of  the  order  of  a  reaction  to  reactions  in  a  hetero- 
geneous system.  This  hypothesis  is  an  expansion  of  the  theory 
of  Noyes  and  Whitney  ^  of  the  solution  velocity  of  a  solid  in  a  fluid. 
If  the  reaction  at  the  film  of  contact  of  the  two  phases  occurs  with 
great  rapidity  and  the  homogeneity  of  the  general  meditun  be 
sectired  by  adequate  stirring,  the  time  consimied  in  the  experi- 
ment will  be  utilized  entirely  by  the  diffusion  of  the  substrate 
to  and  of  the  products  from  the  zone  of  reaction;  i.  e.,  the  ex- 
perimental velocity  is  a  diffusion  velocity.  Under  the  conditions 
of  concentration  present  in  the  triolein  experiment,  the  trans- 
formation in  the  unit  of  time  ought  to  be  constant.  If  now  the 
experimental  velocity  be  a  diffusion  velocity  instead  of  a  reaction 
velocity,  this  fact  ought  to  be  directly  demonstrable  by  experi- 
ment. As  is  well  known,  the  temperature  coeflScients  of  chemi- 
cal reactions  and  of  diffusion  velocities  exhibit  very  different 
orders  of  magnitude.  For  ordinary  chemical  reactions  the 
empirical  rule  of  van*t  Hoff,  that  the  velocity  of  a  reaction  is  at 
least  doubled  for  every  ten  degrees  increase  in  temperature, 
will  suflSce.  A  similar  increase  in  temperature  will  ordinarily 
increase  a  diffusion  velocity  but  slightly — less  than  one-sixth. 
I  have  repeated  the  above  experiment  and  have  determined 
that  an  increase  of  ten  degrees  accelerates  the  experimental 
velocity  only  20  per  cent.      A  similar  result  was  obtained  by 

«  Nemst,  Zeitschr.  f.  physik,  Chem,,  xlvii,  p.  52,  1904. 
« Noyes  and  Whitney,  ibid.,  xxiii,  p.  689,  1897. 


Alonzo  Englebert  Taylor 


lOl 


Kanitz.^  Senter  ^  has  foxind  the  same  fact  to  hold  in  the  reaction 
of  hydrogen  peroxide-hamase  and  has  drawn  the  corresponding 
conclusion  that  the  experimental  velocity  is  a  diffusion  velocity. 

Kastle  and  Loewenhart^  determined  the  relation  of  ferment 
mass  to  degree  of  acceleration  to  be  one  of  direct  proportionality. 
The  same  relation  holds  true  for  the  Ricinus  lipase  as  illustrated 
by  the  following: 

Substrate  (triacetin)  constant.  In  (a),  ferment  2  per  cent.; 
in  (b),  ferment  i  per  cent.  The  times  given  are  those  necessary 
for  the  proportional  transformation  of  the  stated  units  of  acid. 


Units 

10 

20 

30 

(a)  / 

(b)  < 

23 

47 

51 
97 

104 
216 

VoUhard  *  and  Stade  *  and  Engel,  ^  working  with  yolk  of  egg, 
obtained  figiires  that  corresponded  rotighly  to  the  so-called  rule 
of  Schutz,  which  is  also  believed  by  the  Pawlow  school  to  hold 
true  for  animal  lipase;  Fromme  could  not  confirm  it.  Elastle 
and  Loewenhart,'  who  obtained  results  contrary  to  these 
investigators,  worked  like  them  with  animal  lipase.  From  the 
considerations  elucidated  above  it  is  certain  that  digestion  ex- 
periments in  a  bi-coUoidal  system  are  not  adapted  to  the  determi- 
nation of  this  question.  The  newer  studies  on  ferment  action 
have  thrown  doubt  upon  the  so-called  rule  of  Schutz.  For  many 
ferments  it  is  now  known  that  the  acceleration  is  proportional 
to  the  mass  of  ferment.  Quite  recently  Sawjalow*  of  the 
Pawlow  school  has  admitted  that  the  Schutz  rule  holds  for 
peptic  digestion  only  when  the  tubes  of  Mett  are  employed.  The 
Mett  method,  however  (the  measurement  of  the  linear  digestion 

«  Loc  cit. 

2  Senter,  Zeitschr,  f.  physik.  Chem.,  lii,  p.  737,  1905. 

»  Loc  cit. 

•  Loc.  cit, 
»  Loc,  cit, 
«  Loc.  cit. 
1  Loc.  cit. 
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of  a  cylinder  of  coagulated  substrate  in  the  tinit  of  tinie),  is 
theoretically  not  adapted  to  the  physico-chemical  problem  in 
hand. 

The  ability  of  lipase  to  accelerate  the  reversed  reaction,  the 
formation  of  the  ester  from  the  fatty  acid  and  the  alcohol, 
first  determined  for  animal  lipase  by  Kastle  and  Loewenhart^ 
has  been  confirmed  for  the  pancreatic  lipase  by  Pottevin^  and 
for  the  Ricinus  lipase  by  myself^.  Pottevin  mixed  the  dry 
alcohol  and  the  fatty  acids  with  the  lipase  (pancreatic  powder) 
and  reported  positive  results.  I  was  unable  in  a  previous  ex- 
periment to  confirm  these  results.  More  recently,  however,  I 
have  also  observed  the  synthesis  of  triolein  from  dry  glycerin 
and  oleic  acid  through  the  agency  of  pancreatic  powder,  but  I 
obtained  again  negative  results  with  palmitic  and  stearic  acids. 
Unquestionably  the  fault  lies  in  my  experiments,  not  in  those 
of  Pottevin.  Dry  lipase  of  the  castor-bean  will  synthesize  aU 
the  higher  fats  from  the  dry  glycerin  and  fatty  acids.  The  idea 
of  Pottevin  however — that  lipase  acts  as  a  hydrolyzing  agent 
in  the  presence  of  water  and  as  a  synthetic  agent  in  the  absence 
of  water — ^is  not  supported  by  experimental  evidence  and  is 
based  upon  a  theoretical  misconception.  All  syntheses  of  fat 
in  nature  occur  in  the  presence  of  water;  and  the  theory  of 
chemical  equilibrium  cannot  be  adduced  in  support  of  the 
Pottevin  stiggestion,  since  this  amounts  practically  to  the  state- 
ment that  the  lipase  accelerates  the  reaction  of  synthesis  in  the 
absence  of  water  when  it  is  a  bimolecular  reaction  and  accelerates 
the  cleavage  in  the  presence  of  water  when  it  is  a  monomolecular 
reaction.  That  all  reversions  at  the  temperatures  employed  are 
very  much  slower  than  the  reactions  of  cleavage  is  true;  the 
theory  of  reversed  reaction  does  not,  however,  postulate  anything 
with  regard  to  the  velocity.  In  special  instances  good  theoretical 
and  experimental  reasons  have  been  adduced  to  explain  the  slow 
velocity  of  the  reversed  reactions;  no  doubt  such  exist  for  all. 

Pertinent  in  this  connection  are  a  few  general  observations  on 
the  bearing  of  the  phase  relations  on  chemical  reactions  occurring 

>  Loc,  cit, 

>  Pottevin,  Compt.  rend,  de  VAcad.  des  set.,  cxxxviii,  p.  378,  1904. 
»  Taylor,  Univ.  ofCal.  Pub.,  Path.,  1904,  i,  p.  33. 
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in  organized  bodies.  It  seems  certain  that  the  theory  of  Nemst — 
that  reactions  occurring  at  the  boundary  of  contact  of  two  phases 
do  so  at  practically  infinite  velocity — ^is  destined  to  have  a  deep 
influence  on  our  conceptions  of  biological  processes.  The  circu- 
lating fluids  of  the  body  are  two-phase  systems  in  the  sense  that 
hydrosols  are  two-phase  systems.  The  cellular  elements  of  the 
body  are  two-phase  systems  in  the  sense  that  hydrogels  are  two- 
phase  systems.  The  protein-lipoidal  complexes  are  in  cells  ar- 
ranged in  colloidal  and  watery  phases,  described  by  Quincke 
as  a  meshwork.  Of  these  there  are  innimaerable  tmits  in  the 
body,  presenting  boundaries  of  contact  of  almost  unimagixiable 
magnitude.  We  may  assimae  that  the  chemical  reactions  of 
the  body  occur  in  large  part  not  in  the  circulating  fluids  but  in 
the  cells.  And  in  the  cells  we  may  assume  that  they  occur  at 
the  film  of  contact  of  the  two  phases.  On  the  assimiption 
that  the  ferments  are  formed  in  the  colloidal  phase  of  the  cells 
and  are  spread  over  the  water-poor  phase  as  a  thin  layer  to  which 
the  substrates  of  the  different  reactions  are  transported  by  the 
circulating  streams,  we  have  here  realized  in  an  ideal  sense  the 
exact  relations  postulated  in  the  theory  of  Nemst.  A  rapid 
reaction  at  the  boundary  of  contact  would  represent  an  enormotis 
velocity  of  transformation.  When  we  contemplate  the  relations 
of  the  reactions  in  the  nutrition  of  the  body,  we  perceive  the 
direct  application  of  these  considerations.  One  of  the  most 
striking  facts  in  the  study  of  fermentations  is  the  discrepancy 
between  the  velocities  of  reaction  in  vitro  and  in  vivo.  This  is 
not  so  marked  for  the  reactions  of  decomposition,  where  we  are 
often  able  to  secure  comparative  results.  But  it  is  very  marked 
for  the  reversions,  the  syntheses.  Let  us  assimie  that  the  fatty 
acids  and  glycerin  that  have  been  separated  in  the  digestion  of 
a  fat  within  the  intestine  are  absorbed  as  such  and  then  in  the 
intestinal  mucosa  reunited  through  the  agency  of  lipase.  The 
reversed  reaction  in  mtro  is  very  slow;  it  is  very  rapid  in  vivo. 
It  is  possible  in  the  intestine  to  synthesize  within  an  hour 
an  amount  of  fat  that  would  require  months  in  glass.  Is  it 
not  probable  that  this  great  velocity  of  synthesis  in  the  intes-' 
tinal  mucosa  is  due  to  the  fact  that  the  reaction  is  occurring  at 
the  film  of  contact  of  two  phases?  The  lipase  may  be  assumed 
to  lie  as  a  thin  layer  over  the  surface  of  the  meshes  of  the  col- 
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loidal  phase  of  the  cells  and  over  this  surface  are  poured  the  fltiids 
of  resorption  containing  the  fatty  adds  and  glycerin.  Thus  we 
would  have  the  ideal  conditions  postulated  by  the  hypothesis. 
The  possible  presence  and  influence  of  co-ferments  or  zymo- 
excitors  cannot  be  denied  and  their  influence  may  be  super- 
imposed. But  it  seems  logical  and  proper,  in  view  of  the 
experimental  demonstration  of  the  Nemst  hypothesis  on  inor- 
ganic material  and  of  the  occtirrence  in  tissues  of  the  physical 
conditions  postulated  by  the  hypothesis,  to  apply  these  con- 
siderations to  the  problem  of  the  velocity  of  chemical  transfor- 
mations occurring  within  the  body  apparently  tmder  the  infihience 
of  ferments.  It  is  not  necessary  to  assume,  if  we  apply  these 
considerations  to  an  organism,  that  in  view  of  the  circulatory 
activity  the  conception  of  reaction  velocity  would  be  whoDy 
supplanted  by  that  of  diffusion  velocity;  relations  of  distribu- 
tion and  eqtiilibrium  would  have  to  be  taken  into  account,  and 
as  the  consideration  concerns  only  the  velocity  and  not  the 
qualitative  nature  of  the  reaction,  the  validity  of  the  chemical 
point  of  view  is  not  disturbed.  But  from  the  point  of  view  of 
a  dynamic  physico-chemical  conception  of  biological  processes, 
the  importance  of  this  hypothesis  must  be  patent. 
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(Eighteenth  Paper.) 

By  treat  B.  JOHNSON  and  GEORGE  A.  MENGE. 
{From  the  Sheffield  Laboratory  of  Yale  University.) 

(Received  for  publication,  May  13,  1906.) 

Methods  of  synthesizing  uracil,  I,  thymin,  II,  cytosin,  IV,  and 
5-niethylcytosin,  V,  have  been  described  in  previous  papers 
from  this  laboratory.* 

Thjmiin,  II,  and  5-methylcytosin,  V,  are  the  simplest  mono- 
5-alkyl  derivatives  of  uracil,  I,  and  cytosin,  IV,  respectively. 
They  may  be  considered  as  the  second  members  of  two  homolo- 
gous series  of  which  uracil,  I,  and  cytosin,  IV,  are  the  primary 
substances. 

NH— CO  NH— CO  NH— CO 

(Jo     CH     ->  CO     C.CH,     ->         CO     C.CHaCH, 

NH— CH  NH— CH  NH— CH 

I  II  III 

N  -  CNH,  N  -  CNHa  N  -  CNH, 

CO     CU     ->  60    C.CH,     ->  CO    C.CHj.CH, 


NH— CH  NH— CH  NH— CH 

IV  V  VI 

The  work  described  in  this  paper  was  undertaken  with  the 
object  of  preparing  5-ethyluracil,  III,  and  5-ethylcytosin,  VI,  the 
third  homologues  of  these  two  series. 

We  find  that  ethylformate  condenses  with  normal  ethylbuty- 
rate  in  the  presence  of  sodium  ethylate,  or  metallic  sodium,  to 
form  the  sodium  salt  of  ethyl  formylbutyrate,  VII: 

CH,.CH,.CH,COOC,H,  +  HCOOCH,  +  Na- 
CH,.CH,.C:(CHONa)COOC,H,  +  CaH.OH 

VII 

When  this  sodium  salt,  VII,  was  dissolved  in  water  with  the 

<|Wheeler  and  Merriam,  Atner.  Chem,  Jour.,  xxix,  p.  478,  1903;  Wheeler 
and  Johnson,  ibid.,  xxix,  p.  493,  1903;  ibid.,  xxxi,  p.  591,  1904. 
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calculated  quantity  of  pseudoethylthiourea  they  condensed  to 
form  2-ethylmercapto-s-ethyl-6-oxypyrimidin,  IX.  This  con- 
densation involves  the  intermediate  formation  of  a-ethyUfi- 
pseudoethylthioureaacrylic  acid,  VIII.  We  have  succeeded  in 
isolating  this  compound. 

NH,    COOC,H,  NHaCOOH 

CH,s6  +    CCaH,     -     CaHjSC       CCaH5  +  NaOH+C,H,OH 

II         li  II        II 

NH     CH.ONa  N  —  CH 

VIII 
NH,     COOH  NH— CO  . 

CH,SC        CCH,     -       CH.SC        CC,Hs  +H,0 

IX 

Practically  a  quantitative  yield  of  s-ethyluracil,  III,  was  ob- 
tained when  this  mercaptopyrimidin,  IX,  was  boiled  with  hydro- 
bromic  acid: 

NH— CO  NH— CO 

CaH,SC        CCaH,  +  H,0  -        CO     C.CaH,  +  CaH.SH 

II        11  I         II 

N  —  CH  NH— CH 

IX  III 

When  2-ethylmercapto-s-ethyl-6-ox)rpyrimidin,  IX,  was 
heated  on  the  steam-bath  with  phosphorus  pentachloride  it  was 
converted  into  2-ethylmercapto-s-ethyl-6-chlorpyrimidin,  X: 

NH— CO  N  -  CCl 

CaH.SC        CCH,+PC1,-     CaH.SC       CC,H,+P0C1,+HC1 

n      I  0     II 

N  —  CH  N  —  CH 

X 

This  mercaptochlorpyrimidin,  X,  then  gave  a  quantitative 
yield  of  2-ethylmercapto-s-ethyl-6-aminopyrimidin,  XI,  when 
heated  with  alcoholic  ammonia: 

N-CCl  N-CNH, 

CaH.SC     CCH,  +  2NH,  -  CH,SC     CCaH,  +  NH4CI 

II      II  II       II 

N— CH  N— CH 

XI 
Finally  this   2-ethylmercapto-s-ethyl-6-aminopyrimidin,  XI, 
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was  converted  into  the  hydrobromide  of  s-ethylcytosin,  VI,  by 
boiling  with  hydrobromic  acid. 

N  «   CNH,  N  -  CNH, 

CH,SC        CCaH,  +  HBr  +  H,0  -  C,H,SH  +    CO      CC,H,.HBr 

N  —  CH  NH— CH 

VI 

5-Ethylcytosin,  VI,  separates  from  water  without  water  of 
crystallization.  This  property  is  of  especial  interest.  Cytosin, 
rV,  and  5-methylcytosin,  V,  the  preceding  members  of  the  same 
series,  crystallize  with  one  molecule  and  a  half  molecule  of  water 
of  crystallization  respectively. 

C4H,0N,.H,0,  C,H,ON,.iH,0.  C.H,ON,. 

(Cytosin)  (S-Methylcytosin)       (s-Ethylcytosin) 

5-Ethylcytosin  is  more  soluble  in  water  than  cytosin,  and  less 
soluble  than  s-methylcytosin.  It  forms  normal  salts  (1:1)  with 
hydrochloric,  hydrobromic,  and  nitric  acids. 

One  of  the  most  characteristic  properties  of  s-methylcytosin 
was  its  tendency  to  form  basic  salts^  with  hydrobromic  and 
hydrochloric  acids.  We  now  find  that  s-ethylcytosin  likewise 
I>ossesses  this  interesting  property.  When  ammonia  was  added 
to  an  aqueous  solution  of  the  hydrobromide  we  obtained  a 
mixture  of  two  hydrous,  basic  salts.  Our  analytical  determina- 
tions indicated  that  we  were  dealing  with  a  2:1,  XII,  and  a  3:1 
hydrobromide,  XIII.  On  account  of  the  small  amount  of  s- 
ethylcytosin  at  our  disposal  we  were  unable  to  make  as  thorough 
a  study  of  these  basic  salts  as  we  desired. 

(C,H,ON,)a .  HBr.  H,0,  (C.H,ON,), .  HBr.  HaO. 

XII  XIII 

S-Ethylcytosin  is  precipitated  by  phosphotungstic  acid.  The 
amino  radical  is  more  firmly  linked  in  this  base  than  in  cytosin 
and  s-methylcytosin.  While  the  latter  two  bases  are  converted 
into  uracil  and  thymin  when  heated  with  20  per  cent,  sulphuric 
acid,  s-ethylcytosin  was  recovered  unaltered  when  treated  imder 
the  same  conditions. 

»  Wheeler  and  Johnson,  loc.  cit. 
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EXPERIMENTAL   PART. 

Sodium  Salt  of  Ethyl  Formylbutyrate, 

CH,.C :  (CHONa)COOC,H,. 

This  salt  can  be  prepared  very  easily  by  proceeding  in  the 
following  manner:  A  known  weight  of  alcohol-free  soditim 
ethylate  was  suspended  in  dry  ether.  A  mixttire  of  the  calcu- 
lated quantities  of  ethylformate  and  ethylbutyrate  was  then 
added  to  the  ether  and  the  condensation  allowed  to  proceed  at 
ordinary  temperature.  Sufficient  heat  was  evolved  to  cause  the 
ether  to  boil.  The  mixttire  was  allowed  to  stand  for  four  days 
when  the  excess  of  ether  was  removed  by  sucking  a  current  of 
dry  air  through  the  solution.  We  obtained  a  thick  oil  which 
immediately  solidified  to  a  solid  cake  when  treated  with  a  little 
water.  No  further  purification  was  attempted.  This  salt  was 
dissolved  in  cold  water  and  the  solution  washed  with  ether  to  re- 
move any  unaltered  esters.  This  solution  was  then  used  for 
the  condensations  described  in  this  paper.  In  our  calculations 
we  have  assumed  that  the  sodium  salt  is  formed  in  practically 
theoretical  amount. 


NH-CO 
t-EthylmercaptO'S-ethyl'&'Oxypyriinidin,    CjHjSC     CC,Hs 


L 


CH 


One  hundred  and  fifty  grams  of  normal  ethylbutyrate  were  con- 
densed with  ethylformate  in  presence  of  sodium  ethylate  as 
described  in  the  preceding  experiment.  The  resulting  sodiiun 
salt  of  ethyl  formylbutyrate  was  then  dissolved  in  water,  and 
treated  with  an  aqueous  solution  of  0.5  molecular  proportion  of 
pseudoethylthiourea.  This  was  prepared  by  dissolving  119  grams 
of  the  hydrobromide  in  ice  water  and  neutralizing  the  hydro- 
bromic  acid  with  36  grams  of  potassium  hydroxide.  The  alkaline 
solution  was  allowed  to  stand  over  night  at  ordinary  temper- 
ature and  then  heated  on  the  steam-bath  for  about  two  hours. 
The  solution  was  then  filtered  and  acidified  with  acetic  acid. 
The  mercaptopyrimidin  separated  at  once  as  a  flocculent  pre- 
cipitate. After  drying  over  sulphtiric  acid  the  crude  material 
weighed  40  grams,  corresponding  to  38  per  cent,  of  the  theoretical, 
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calculating  from  the  weight  of  pseudourea  used.  It  was  ex- 
tremely soluble  in  alcohol  and  benzene,  and  moderately  soluble  in 
ether.  It  was  difficultly  soluble  in  water.  It  deposited  from  hot 
water  or  dilute  alcohol  in  well  developed  prisms  that  melted  at 
119-120°  C.  to  a  clear  oil.     Analysis  (Kjeldahl): 

Calculated  for  C,H,jONaS:  Found: 

N  - 15 . 1 7  per  cent.  15.12  per  cent. 

a-Ethyl'/S-pseudoethylthioureaacrylic  acid, 

HaN(CaH,S) :  N.CH :  C(C,H,).COOH. 

This  was  obtained  as  an  intennediate  product  in  the  preceding 
condensation.  After  filtering  from  the  2-ethylmercapto-s-ethyl- 
6-oxypyrimidin  the  acetic  acid  filtrate  was  concentrated  on  the 
steam-bath  and  then  allowed  to  stand  at  ordinary  temperattire 
for  several  hours.  A  heavy,  flocculent  precipitate  separated  on 
cooling.  The  substance  was  very  soluble  in  alcohol.  When 
heated  above  its  decomposition  point  it  was  converted  into  the 
mercaptopyrimidin  above.  It  deposited  from  hot  alcohol  in 
plates  that  melted  at  148*^-149°  C,  with  eflEervescence,  to  a  clear 
oil.  When  this  oil  was  allowed  to  cool  below  100 **  C.  it  solidified. 
Upon  heating  again  in  the  capillary  tube  it  melted  at  1 17**-!  18°  C. 
to  a  clear  oil.     Analysis  (Kjeldahl): 

Calculated  for  C,H,40aNaS:  Found: 

N  -13.86  per  cent.  13 -70  per  cent. 

N-  CCl 

2'EthylntercaptO'S'ethyl'6'Chlorpyrifnidin,  CaH,SC      CCaH, 


A- 


CH 


Twenty-five  grams  of  2-ethylmercapto-s-ethyl-6-oxypyrimidin 
and  a  sUght  excess  over  one  molecular  proportion  of  phosphorus 
pentachloride  were  mixed  in  a  flask  and  gently  heated  on  the 
steam-bath.  A  violent  reaction  took  place  with  evolution  of 
hydrochloric  acid  gas.  We  obtained  a  dark  colored  liquid  that 
was  heated  for  several  minutes  at  100®  C.  to  complete  the 
reaction.  The  liquid  was  then  poured  upon  crushed  ice  to  de- 
compose the  phosphorus  halides.  The  chlorpyrimidin  was  ex- 
tracted with  ether,  dried  over  calcitmi  chloride,  and  purified  by 
distillation  under  diminished  pressure.     It  boiled  at  160^-163®  C. 
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tinder  24  mm.  pressiire.  It  would  not  solidify  in  a  freezing 
mixture.  The  yield  of  pure  distilled  material  was  14  grams,  or 
about  54  per  cent,  of  the  theoretical.  When  boiled  with  water  it 
was  converted  into  the  original  2-ethylmercapto-s-ethyl-6-oxy- 
pyrimidin.     Analysis  (Kjeldahl): 

Calculated   for  C,H,,N,SC1:  Found: 

N  -13.8  per  cent.  13 -43  per  cent. 

N-CNH, 
2'EihylfnercaptO'$'eihyl'6'aminopyrimidin,    CHjSC     CCaH, 

N-  CH 

This  aminopyrimidin  was  obtained  when  the  chlorpyrimidin 
above  was  heated  in  a  sealed  tube  with  alcoholic  ammonia  at 
130^-140®  C.  for  two  hours.  The  excess  of  ammonia  and  alcohol 
was  then  removed  by  evaporation  on  the  steam-bath.  The 
residue  was  then  treated  with  water  to  remove  ammonitun 
chloride.  We  obtained  an  8il  that  was  very  soluble  in  ether. 
When  the  ether  solution  was  allowed  to  evaporate  spontaneously 
the  aminopyrimidin  deposited  in  prismatic  crystals.  It  was 
insoluble  in  ligroin  but  extremely  soluble  in  benzene.  It  deposited 
from  a  mixture  of  these  two  solvents  in  stout  prisms  that 
melted  at  74^-76^0.  to  an  oil.    Analysis  (Kjeldahl): 

Calculated  for  C,H ,  jN jS :  Found : 

N  -33.95  per  cent.  33.88  per  cent. 

NH-CO 
2,  t'Dioxy-K-eihylpyrimidin  ($'Ethyluracil) ^     CO      CC,H, 

I       !L 

NH-CH 

This  pyrimidin  was  prepared  by  boiling  2-ethylmercapto-5- 
ethyl-6-oxypyrimidin  with  hydrobromic  acid.  It  was  difficultly 
soluble  in  water.  One  part  of  the  pyrimidin  dissolved  in  about 
625  parts  of  water  at  25°  C.  It  deposited  from  hot  water  in  balls 
of  microscopic  prisms  that  melted  at  about  300^  C.  with  decom- 
position.   Analysis  (Kjeldahl): 

Calculated  for  C«H,0,N, :  Found : 

N  -30. o  per  cent.  19.8  per  cent. 
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^'Eihylcytosin  Monohydrobromide  {Anhydrous). 

This  salt  was  obtained  when  2-ethylmercapto-s-ethyl-6-amino- 
pyrimidin  was  boiled  with  hydrobromic  acid.  When  the  add 
solution  was  allowed  to  stand,  the  hydrobromide  deposited  in 
large  prisms.  They  did  not  contain  water  of  crystallization. 
When  heated  in  a  capillary  tube  the  salt  began  to  darken  at  about 
265®  and  melted  at  284*^-286°  C.  with  effervescence.  Analysis 
(Kjeldahl): 

Calculated  for  C.H^ONj.HBr:  Found: 

N-19.13  per  cent.  19.2  per  cent. 

N   -  CNHa 
2'Oxy'yethyl'6-aminopyrimidin  (^-Ethylcyiosin) ,  CO      CC,H, 

NH— CH 

In  order  to  obtain  this  base,  the  monohydrobromide,  described 
above,  was  dissolved  in  water;  the  bromide  was  removed  by 
means  of  silver  sulphate;  the  excess  of  silver  was  precipitated 
with  hydrogen  sulphide,  the  sulphuric  acid  by  barium  hydroxide, 
and  then  the  excess  of  barium  with  carbon  dioxide.  The  clear 
solution  was  then  concentrated  to  a  small  volume,  whereupon 
on  cooling  the  base  deposited  in  beautiful,  slender  prisms.  They 
did  not  contain  water  of  crystallization.  One  part  of  the  base 
dissolved  in  about  75  parts  of  water  at  25**  C.  When  heated  in  a 
capillary  tube  it  melted  with  effervescence  at  282^-283®  C. 
Analysis  (Kjeldahl): 

Calculated  for  C4H9ON,:  Found: 

N  -30.21  per  cent.  30.03  per  cent. 

The  base  was  precipitated  from  its  aqueous  solution  by 
mercuric  chloride  and  phosphotungstic  acid.  The  phospho- 
timgstate  was  soluble  in  boiling  water  and  deposited  again  on 
cooling.  When  a  solution  of  the  pyrimidin  base  was  treated  with 
a  solution  of  potassio-bismuth  iodide  a  red  precipitate  was  ob- 
tained.    It  was  insoluble  in  hot  water. 

S-Ethylcytosin  was  heated  with  20  per  cent,  sulphuric  acid  for 
six  hours  at  i4o°--iso°C.  When  the  pressure  tube  was  exam- 
ined there  was  no  apparent  decomposition.  Upon  concentrating 
on  the  steam-bath  we  did  not  obtain  a  deposit  of  s-ethyluracil. 
The  sulphuric  acid  was  removed  with  barium  hydroxide,  and  the 
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excess  of  alkali  with  carbon  dioxide.  When  the  neutral  solution 
was  concentrated  to  a  small  voltime,  the  unaltered  base  deposited 
in  characteristic,  slender  prisms  that  melted  at  282^-283^0. 
with  eflEervescence.  When  mixed  with  the  original  base  the 
melting-point  was  not  lowered. 

Platinum  Chloride  Double  Salt. 

This  salt  was  extremely  soluble  in  water.  It  deposited  from 
hot  water  in  radiating,  transparent  prisms.  A  nitrogen  deter- 
mination gave  the  following  result: 

Calculated  for  (C*H,0N,)a.H,PtCU.2H,0:  Found: 

N -11.62  per  cent.  11.56  per  cent 

The  Picrate  of  ^-Ethylcyiosin. 

This  salt  was  prepared  by  treating  a  solution  of  the  base  with 
picric  acid.  It  was  difficultly  soluble  in  water.  It  deposited 
from  h(5t  water  in  yellow,  opaque  crystals.  When  heated  in  a 
capillary  tube  they  decomposed  at  277^-278^0. 

$'Eihylcytosin  Monohydrochloride  (Anhydrous), 

This  salt  was  prepared  by  dissolving  s-ethylcytosin  in  dilute 
hydrochloric  acid  and  allowing  the  solution  to  slowly  evaporate 
in  a  desiccator  over  sulphuric  acid.  It  deposited  in  fiat  prisms. 
They  were  extremely  soluble  in  cold  water  and  melted  at  238®- 
240®  C.  with  slight  effervescence.     Analysis  (Kjeldahl): 

Calculated  for  C^HgON, .  HCl :  Found : 

N -23.93  per  cent.  23.90  per  cent. 

Nitrate  of  ^-Eihylcytosin, 

Obtained  by  allowing  a  nitric  acid  solution  of  the  base  to 
slowly  evaporate  in  a  desiccator  over  sulphuric  acid.  It  de- 
posited in  stout  prisms.  They  decomposed  at  about  1 70^-1 72^0, 
The  salt  was  very  soluble  in  cold  water.    Analysis  (Kjeldahl) : 

Calculated  for  C*H  ,0N, .  HNO, :  Found : 

N -27.72  per  cent.  27-39  P^r  cent. 

Basic  Hydrobromides  of  ^-Eihylcytosin. 

Some  of  the  2-ethylmercapto-s-ethyl-6-aminopyrimidin  was 
boiled  with  hydrobromic  acid  until  ethyl  mercaptan  ceased  to  be 
evolved.  The  solution  was  then  evaporated  to  dryness  to  remove 
the  excess  of  acid.  Upon  adding  ammonia  to  an  aqueous  solution 
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of  the  hydrobromide  we  obtained  an  immediate  precipitate  in  the 
fonn  of  well  developed  prisms.  This  precipitate  was  difficultly 
soluble  in  water.  It  deposited  from  hot  water  in  clusters  of 
radiating  prisms  associated  with  diamond-shaped  crystals. 
They  decomposed  at  258^-260°  C.  with  violent  eflEervescence. 
We  were  unable  to  raise  this  decomposition  point  by  repeated 
recrystallizations  from  hot  water.  The  material  gave  a  strong 
test  for  bromine.  The  analytical  determinations  indicated  that 
we  were  not  dealing  with  a  homogeneous  salt,  but  a  mixture  of 
two  hydrous,  basic  salts.  Our  determinations  agreed  with  the 
calculated  values  for  a  mixture  of  about  equal  proportions  of  a 
2:1  and  a  3:1  hydrobromide. 

0.3358  gram  of  substance  lost  0.0127  gram  on  heating  to  constant 
weight  at  loo**-!!©**  C. 
For  (C*H,ON,),.HBr.H,0— 

Calculated:  H,0    -4.8  per  cent. 
For  (C.H,ON,),HBr.H,0— 

Calculated:  H,0  -  3.4  per  cent. 
Average:  H,0  -  4.1  per  cent. 
Found:  HjO   -  3.78  per  cent. 
Nitrogen  determinations  in  the  hydrous  material  (Kjeldahl) : 
For  (C«HtON,),.HBr.H,0— 

Calculated  :  N   -  23.31  per  cent. 
For^(C«H,ON,),  .HBr.H,0— 

Calculated:  N—  24.41  per  cent. 
Average  :  N   -  23 .  36  per  cent. 

Fotmd  :  N  -  (i)  23.29;  (2)  23.31  percent. 
Nitrogen  determinations  in  the  anhydrous  material  (Kjeldahl) : 
For  (C.H,ON,),.HBr— 

Calculated  :  N  -  23 .  39  per  cent. 
For(C.H,ON,),.HBr— 

Calculated  :  N  -  25.30  per  cent. 
Average  :  N  -  24.34  per  cent. 
Found  :  N    -   (i)  24.48;  (2)  24.07  per  cent. 

N-  CCl 

2, 6'Dichlorpyrimidin,  CIC       CH 

N  — CH 
This  compound  has  been  described  by  Gabriel.^     He  prepared 

^Ber,  d.  deutsch.  chetn,  Gesellsch,,  xxxviii,  p.  1690,  1905. 
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it  by  heating  uracil  with  phosphorus  oxy chloride  at  140**  C.  He 
states  that  it  melted  at  61®  C.  and  boiled  at  208.5^-209.5  ®C. 
at  773  mm.  We  bad  prepared  the  same  chloride,  previous  to 
this  publication,  by  warming  2-thiouracil^  on  the  steam-bath 
with  phosphorus  pentachloride.  From  35  grams  of  2-thiouracil 
we  obtained  19.2  grams  of  the  dichlorpyrimidin  boiling  at 
loi®  C.  at  23  mm.  In  another  experiment  we  obtained  13  grams 
from  20  grams  of  2-thiouracil.  It  boiled  at  198®  C.  at  760  mm. 
Our  compound  melted  at  63*^  C.  to  a  clear  oil.  It  was  soluble 
in  alcohol,  benzene,  and  ether.  Its  vapors  attacked  the  eyes. 
Analysis  (Kjeldahl): 

Calculated  for  C4HaNiCl,;  Pound: 

N  -  18.79  per  cent.  18.78  per  cent. 

1  Wheeler  and  Bristol,  Amer,   Chem.  Jour,  xxxiii,  p.  458,  1905. 
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(Received  for  publication  May  13,  1906.) 

It  is  well  recognized  that  in  diabetes  there  may  be  a  greatly 
increased  output  of  ammonia  both  absolutely  and  in  relation 
to  the  total  nitrogenous  excretion.  To  account  for  this  increased 
elimination  of  ammonia  the  theory  has  been  advanced  that  the 
ammonia  is  utilized  to  neutralize  certain  unknown  toxic  acid 
products  formed.  The  source  of  these  acids  or  acid-like  sub- 
stances may  be  sought  in  proteid  catabolism  or  as  a  result  of 
the  incomplete  combustion  of  dextrose.  That  such  products  do 
originate  from  dextrose  in  diabetes  is,  however,  by  no  means 
established. 

The  influence  exerted  by  large  quantities  of  dextrose  upon 
proteid  metabolism  has  recently  been  investigated  by  Scott.^ 
In  order  to  imitate  as  far  as  possible  the  conditions  existing  in 
diabetes,  quantities  of  dextrose  ranging  from  S  to  7  grams  per 
kilo  of  body  weight  were  injected  subcutaneously  into  dogs  in 
nitrogenous  equilibrium.  A  study  of  the  distribution  of  the 
various  urinary  forms  of  nitrogen  demonstrated  that  laige 
quantities  of  injected  dextrose  caused  a  marked  increase  in 
proteid  metabolism;  that  there  was  a  diminution  in  the  pro- 
portion of  nitrogen  btiilt  into  urea,  and  an  increase  of  ammonia 
nitrogen  and  of  nitrogen  not  in  the  form  of  urea.  Scott  con- 
cludes from  these  results  that  **  dextrose  or  more  properly  an 
acid  derivative  of  dextrose  under  such  circtmistances  acts  like 
such  toxic  agents  as  phosphorus,  etc.,  poisoning  the  protoplasm" 
and  that  '*.  .  .  .  the  administration  of  dextrose  produces 
an  effect  similar  to  that  induced  by  giving   diphtheria   toxin 

1  Research  Fellow  of  the  Rockefeller  Institute  for  Medical   Research* 
>  Scott,  Joum.  of  Physiol.,  xxviii,  p.  107,  1902. 
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or  such  drugs  as  sulphonal  which  interfere  with  the  metabolic 
processes." 

EXPERIMENTAL. 

The  present  investigation  was  undertaken  for  the  purpose  of 
determining  more  definitely  what  forms  of  nitrogen  existing  under 
the  head  of  "non-\irea"  nitrogen  were  increased  after  sub- 
cutaneous introduction  of  laige  quantities  of  dextrose.  Accord- 
ingly determinations  have  been  made  of  total  nitrogen  of  the 
urine  and  feces,  and  of  nitrogen  existing  in  the  following  urinary 
forms:  tirea,  ammonia,  creatinin,  uric  acid,  and  purin.  The 
total  nitrogen  was  estimated  by  the  Kjeldahl-Gtmning  method; 
urea,  ammonia  ^  and  creatinin  nitrogen  according  to  the 
corresponding  methods  of  Folin^;  uric  acid  nitrogen  by  the 
method  of  Kruger  and  Schmid  ^ ;  oxalic  acid  by  the  method  of 
Autenrieth  and  Barth^;  and  phosphates  by  titration  with 
uranitmi  nitrate.  Unless  otherwise  noted  dextrose-determina- 
tions were  made  according  to  the  Allihn  method. 

The  full-grown  bitches,  kept  in  the  usual  metabolism  cages, 
were  fed  twice  daily  on  a  mixed  diet,  and  catheterized  each 
morning.^  Decomposition  of  the  urine  voided  during  the  day 
was  prevented  by  the  addition  of  toluol.  In  each  experiment 
the  injected  fltiid  was  distributed  at  several  places  on  the  body 
in  order  to  facilitate  absorption.  The  dextrose  employed  was 
that  of  Kahlbatmi. 

>  Scott's  ammonia  determinations  were  made  according  to  the  method 
of  SchlOsing;  for  critique  of  this  method  see  Shaffer,  Amer,  Joum.  of 
PkysioL,  viii,  p.  330,  1902-03. 

» Polin,  Amer.  Joum,  of  Physiol,  xiii,  p.  45,  1905. 

'  Kriiger  and  Schmid,  Zeitschr,  f,  physioL  Chem,^  xlv,  p.  x,  1905. 

« Autenrieth  and  Barth,  ibid,^  xxxv,  p.  327,  190a. 

*It  is  weU  known  that  frequent  catheterization  is  likely  to  set  up 
cystitis  in  spite  of  precautions  to  keep  catheters  sterile,  etc.  Experience 
in  this  laboratory  has  shown  that  animals  may  be  catheterized  daily  for 
months  with  no  symptoms  of  bladder  infection  if  the  following  procedure 
is  observed.  The  catheters  are  kept  in  alcohol  when  not  in  use.  After 
drawing  off  the  urine  and  washing  the  bladder  with  sterile  water,  the 
bladder  is  irrigated  with  50  to  100  c.c.  of  warm  boric  add  solution  (satu- 
rated in  the  cold) .  After  this  irrigation  a  to  3  c.c.  of  the  boric  acid  solution 
are  introduced  into  the  bladder  and  the  catheter  withdrawn.  Since  boric 
acid  produces  no  irritation,  it  is  retained  thus  keeping  present  in  the  blad- 
der an  acid  meditmi  sufficient  to  inhibit  the  growth  of  micro-organisms. 


Frank  P.  Underhill  and  Oliver  E.  Closson      1 19 


O 

o 


CO 

O 

0U 

S 

o 


H 


c 
C 


1^1 


qg 


hi 


=^2.5 


I  i 


41I 


2 


I33 


lo 

1^ 


•T3*»  6 


IcSl 


•8 
c 

o 


1-1  ce<^ 


c<i«oeo 

^>  ^^  ^^ 

•       •        • 

000 


sss 


*-4  »-<  1-H 

•  •  • 


00  CO  00 
MeOM 


000 


CICMCI 


CO  coco 

00^0 


00 

t^ooo 
tcco>c 


•O  "C  •o 

•M   'V^   •V^ 

c4  QS  08 


101000 
000 


000 

^  ^  CO 


■s 
•g 

o 
o 
'•♦3 


CO 
00 


00  ^  CO 

0&  o>  ^ 

•  •  • 

00^ 


WCO 


000 

is 

.do 


CO  00 
00 

•  • 

00 


"^C<l«0 


000 


^  CO  CO 

•  •  • 

000 


•^000 
CO  000c 

tOiOkO 


00  CO  CO 

<^t^CO 

•  ■  • 

CO  CO  CO 


•^  ••*  '^^ 

000 

ctf  08  CIS 


wcooo 


^  CO  CO 
CO  CO  ^ 


00  0)0 

OlCiCO 

» 


c« 
c« 

6« 


0) 

.s 

•§ 

.S 

.2 

Wi 

> 

O 

s 


10 


C 

o 


bo 
CO 


o 

CO 
CI 


H 
U 

< 
.J 

m 


8 

o 


C9 


ooioo 

8®- 


CO 

+ 


s 

CI 

+ 


Soo^ 
t^ow 


U  n  ^ 


SB 

.11 


8 
j 

PQ 


1 20  Influence  of  Dextrose  upon  Nitrogenous  Metabolism 

Experiment  i.  On  October  35,  1905,  a  bitch  of  13.2  Idles  was  placed 
upon  a  diet  consisting  of  1 50  grams  of  lean  meat,  154  grams  of  cracker-meal, 
and  a  6  grams  of  lard  per  day  and  containing  7 .  80  grams  of  nitrogen.  On 
October  28th,  205  c.c.  of  a  30  per  cent,  dextrose  solution  (5  grams  per 
Jdlo)  were  subcutaneously  injected  tmder  antiseptic  precautions.  No 
unfavorable  S3rmptoms  followed.  In  the  urine  of  this  day  not  a  trace  of 
reducing  substance  could  be  observed.  Coagulable  proteid  correspond- 
ing to  o .  29  grams  of  nitrogen  was  present.  No  acetone  or  diacetic  add 
could  be  detected.  On  the  following  days  the  urine  was  free  from  dex- 
trose and  proteid.  The  feces  voided  during  the  first  days  after  the  injection 
were  diarrhoeal  in  character.  The  distribution  of  the  urinary  forms  of 
nitrogen  is  given  Table  I. 

From  the  composition  of  the  urine  as  shown  in  Table  I,  it  is 
evident  that  the  subcutaneous  injection  of  dextrose  in  doses  of  5 
grams  per  kiloof  body  weight  causes  a  significant  increase  in  proteid 
metabolism.  Accompanying  the  increased  elimination  of  total 
nitrogen  is  a  rise  of  nitrogen  in  the  various  forms  distributed  in 
the  urine  together  with  a  lai^e  increase  in  the  output  of  oxalic 
acid.  It  is  not  improbable  that  the  latter  has  its  origin  from 
the  introduced  sugar.  In  Table  II  the  percentage  composition 
of  the  urine  is  given. 

TABLE  II.  EXPERIMENT    I.    PERCENTAGE  COMPOSITION  OF  URINE. 


Date 
Oct. 
1905 

Urea 

N% 

Ammonia 
N% 

Urea  and 

Ammonia 

N% 

Creatinin 
N% 

Uric  acid 
N% 

Purin 

N% 

Undeter- 
mined N. 

% 

Fore  Period. 

25 
26 
27 

85.2 
85.5 
86.0 

4.7 
4.5 
4.2 

89.9 
90.0 
90.2 

2.2 
2.2 
2.1 

0.21 
0.21 
0.18 

0.10 
0.08 
0.08 

7.4 
7.6 
7.3 

Averacre 

85.6 

4.5 

90.0 

2.2 

0.20 

0.90 

7.4 

Injection  Period. 

28 
29 
30 

87.0 
86.9 
87.0 

6.7 
5.0 
4.7 

93.7 
91.9 
91.7 

2.3 
2.1 
1.8 

0.24 
0.26 

•  •  •  • 

0.09 
0.11 

•   •  •  • 

3.5 
5.4 

*   •  • 

Averacre 

87.0 

5.5 

92.4 

2.1 

Inspection  of  this  table  shows  that  no  significant  rise  in  the 
proportion  of  any  form  of  nitrogen  found  in  the  urine  occurs. 
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Since  the  results  obtained  in  this  experiment  were  not  in 
harmony  with  those  of  Scott  a  second  trial  was  carried  out  in 
which  the  animal  received  a  larger  injection  of  sugar. 

Experiment  a.  Dec.  $,  1905.  The  same  bitch,  now  weighing  13.2 
kilos,  was  given  a  diet  similar  to  that  of  the  previous  experiment  and 
containing  7 .80  grams  of  nitrogen  per  day.  On  Dec.  10,  310  c.c  of  a  30 
per  cent,  dextrose  solution  (7  grams  per  kilo)  were  injected  subcutaneously 
with  antiseptic  precautions.  On  the  few  days  following  the  injection 
traces  of  coagulable  proteid  could  be  detected  in  the  urine.  No  reducing 
substance  was  present.  For  two  days  following  the  injection  the  stools 
were  diarrhoeal  in  character.  The  results  of  the  analyses  are  given  in 
Table  III. 

A  glance  at  Table  IV,  which  gives  the  percentages  of  the 
various  tirinary  forms  of  nitrogen  to  total  nitrogen,  suffices  to 
convince  one  that  even  the  larger  dose  of  dextrose  failed  to  yield 
results  in  any  waycomparable  to  those  obtained  by  Scott. 

TABLE  IV.    EXPERIMENT  2.     PERCENTAGE   COMPOSITION  OF  URINB. 


Date 

Dec 

1905 


Urea 
N% 


Ammonia 
N% 


Urea  and 

Ammonia 

N% 


Creatinin 

N% 


Uric  Acid 
N% 


Purin 
N% 


Undeter- 

minedN 

% 


Pof<a  Period. 

9 

7 
8 
9 

82.3 
83.0 
83.4 
84.7 

5.0 
5.5 
5.2 
6.5 

87.3 
88.5 
88.6 
91.2 

2.8 

2.5 
2.2 
2.4 

0.17 
0.19 
0.22 
0.17 

0.09 
0.09 
0.08 
0.09 

10.2 
8.7 
8.8 
6.0 

Average 

83.3 

5.5 

88.9 

2.3 

0.19 

0.09 

8.4 

Injection  Period. 


10 

82.9 

4.9 

87.8 

2.1 

0.20 

0.08 

9.8 

11 

83.1 

6.6 

89.7 

2.1 

0.25 

0.08 

7.5 

12 

83.2 

6.5 

89.7 

1.8 

0.30 

0.09 

8.0 

13 

83.6 

6.0 

89.6 

2.3 

0.29 

0.09 

7.6 

14 

86.5 

5.5 

92.0 

2.1 

0.22 

0.07 

5.5 

15 

85.5 

5.6 

91.1 

2.3 

0.21 

0.06 

6.0 

Average 

84.1 

5.8 

90.0 

2.1 

0.25 

0.08 

7.4 

DISCUSSION  OF  RESULTS. 


What  is  the  explanation  of  these  widely  divergent  results? 
Inspection  of  Scott's  paper,^  Table  I,  Experiment  i  (page  iii), 


1  Scott,  loc,  cit. 
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shows  that  on  the  day  of  injection  and  for  two  subsequent  days 
the  urine  was  alkaline  in  reaction.  This  fact  is  strongly  indica- 
tive of  a  severe  case  of  cystitis  probably  induced  by  catheteriza- 
tion. It  is  common  knowledge  that  during  cystitis  the  quantity 
of  ammonia  is  increased  at  the  expense  of  the  urea  which  circum- 
stance coincides  exactly  with  the  result  in  Scott's  work.  More- 
over, the  fact  that  on  page  115  of  the  paper  the  normal  average 
percentage  of  ammonia  nitrogen  is  given  as  ten  per  cent,  con- 
firms the  indication  that  Scott's  animals  were  stiffering  from 
cystitis,  since  in  long  continued  experiments  on  many  dogs  in 
this  laboratory  the  percentage  of  ammonia  nitrogen  has  never 
been  found  to  be  more  than  half  as  high  as  that  given  by  Scott. 
In  the  second  experiment  (page  iii)  the  same  conditions  exist 
which  vitiate  these  results  also. 

A  study  of  Scott's  third  experiment  (page  112)  reveals  the 
fact  that  although  the  urine  had  an  acid  reaction  yet  the  increase 
of  ammonia  nitrogen  amounted  to  ten  per  cent.  Since  the  urine 
was  acid  the  large  increase  of  ammonia  nitrogen  cannot  be 
accounted  for  by  cystitis.  On  page  115,  Experiment  3,  the 
ammonia  nitrogen  during  a  normal  period  is  given  as  6  per  cent., 
on  the  day  of  the  injection  as  16  per  cent,  on  the  first  day  after 
as  1 1  and  on  the  second  day  after  as  8  per  cent.  If  one  recalcu- 
lates the  percentages  of  ammonia  nitrogen  for  these  three  days 
it  is  at  once  evident  that  an  arithmetical  error  has  been  made. 

Percentage  of  Ammonia 
Total  Ammonia   Nitrogen  to  Total  Nitrogen. 

Nitrogen  Nitrogen  Scott.       Recalculated 

Day  of  injection         1.03  0.17  16.0  16.0 

1st  day  after  6.86  0.13  11.0  1.8 

2d  day  after  5.76  0.46  8.0  8.0 

No  possible  explanation  for  such  an  error  can  be  found  from 
a  study  of  Scott's  work. 

From  the  protocol  given  on  page  113  of  Scott's  paper  we 
quote  the  following:  **0n  Nov.  15  at  i  p.m.,  the  bladder  was 
emptied  by  the  catheter.  No  food  was  given  on  that  day. 
200  grams  dextrose  dissolved  in  500  c.c.  water  were  sterilized 
and  injected  subcutaneously  in  the  left  side.  .  .  .  On  the 
following  morning  (Nov.  16)  at  10  a.m.,  the  bladder  was  emptied 
by  the  catheter.    The  total  amount  of  urine  excreted  since  the 


1 24  Influence  of  Dextrose  upon  Nitrogenous  Metabolism 

injection  was  105  c.c.  .  .  .  The  tirine  was  then  diluted 
to  500  c.c.  for  further  examination.**  It  is  inconceivable  to  the 
writer  why  on  one  day  the  animal  should  have  been  catheterized 
at  I  P.M.  and  on  the  next  day  at  10  a.m.  and  the  urine  excreted 
during  this  period  taken  as  the  entire  24  hours'  elimination. 
To  say  the  least  such  a  procedure  cannot  be  deemed  accurate 
and  consequently  no  correct  conclusions  can  be  drawn. 

THE    ABILITY    OP    THE    ANIMAL    ORGANISM    TO    UTILIZE    DEXTROSE 

SUBCUTANEOUSLY  INTRODUCED. 

In  the  experiments  given  above  and  those  of  Scott,  the  very 
small  quantities  of  dextrose  eliminated  by  the  kidneys  are  of 
interest  in  connection  with  subcutaneous  nutrition.  Many 
investigations  have  been  made  upon  man  and  animals  demon- 
strating the  extent  of  utilization  of  the  various  carbohydrates 
with  especial  reference  to  the  formation  of  glycogen.  Notable 
among  these  investigations  may  be  cited  the  work  of  Dastre/ 
C.  Voit,2  F.  Voit,^  Blumenthal,*  and  Mendel  and  Mitchell.^ 
The  limits  of  utilization  of  dextrose  given  subcutaneously  have, 
however,  received  less  attention. 

To  determine  whether  the  animal  employed  above  possessed 
exceptional  peculiarities  in  this  respect,  the  following  experi- 
ments were  carried  out. 

Experiment  3.  Same  bitch  as  in  previoxis  experiments  given  sub- 
cutaneously 26  c.c.  of  a  30  percent,  saccharose  solution  (0.53  gram  per 
kilo).  In  the  urine  of  the  following  day  74.2  per  rent,  was  recovered 
(estimated  polarimetrically). 

Experiment  4.  Same  bitch  as  in  previous  experiments.  On  each 
day  from  Jan.  4  to  Jan.  11,  bitch  received  subcutaneously  155  c.c.  of  a 
30  per  cent,  dextrose  solution  (3 . 5  grams  dextrose  per  kilo)  without  more 
than  the  merest  trace  appearing  in  the  urine.  No  reduction  in  the  urine 
of  the  two  subsequent  days. 

Experiment  5.  Bitch  of  7 . 7  kilos  received  a  subcutaneous  injection  of 
180  c.c.  of  a  30  per  cent,  dextrose  solution  (7  ^^ms  per  kilo).     The  urine 

»  Dastre,  Arch,  de  physiol.  p.  718,  1880;  p.  103,  1890. 

*  C.  Voit,  ZeiUchr,  /.  Biol,  xxviii,  p.  245,  189 1. 

*  F.  Voit,  Munch,  med.  Wochenschr.  p.  717,  I896. 

*  Blumenthal,  BHtr.  z.  chem.  Physiol,  vi,  p.  329,  1905. 

» Mendel  and  Mitchell,  Atner.  Journ.  of  Physiol.,  xiv,  p.  239,  1905. 
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of  the  following  24  hours  contained  i  .63  grams  dextrose;  no  reduction  on 
the  two  subsequent  days. 

Experiment  6.  Bitch  of  10.6  kilos  was  injected  subcutaneouslv  with 
348  c.c.  of  a  30  per  cent,  dextrose  solution  (7  grams  per  kilo).  The  urine 
of  the  following  day  gave  merely  a  faint  reduction;  no  reduction  on  the 
two  subsequent  days. 

From  the  above  protocols  it  is  seen  that  the  experimental 
animal  employed  in  the  first  experiments  is  not  peculiar  with 
respect  to  its  ability  to  utilize  large  quantities  of  dextrose  when 
introduced  subcutaneously.  In  order  to  demonstrate  whether 
dextrose  given  intraperitoneally  would  be  equally  well  retained 
the  following  experiment  was  carried  out. 

Experiment  7.  Bitch  of  14.5  kilos  received  an  intraperitoneal 
injection  of  244  c.c.  of  a  30  per  cent,  dextrose  solution  (5  grams  per  kilo). 
The  34  hours  urine  contained  i  .95  grams  of  dextrose.  The  urine  of  the 
subsequent  day  contained  1.04  grams  of  dextrose.  On  the  following 
days  no  reducing  substance  cotdd  be  demonstrated  in  the  urine. 

The  possibility  was  suggested  that  part  of  the  dextrose  might 
be  eliminated  by  way  of  the  intestine,  but  after  the  subcutaneous 
injection  of  310  c.c.  of  a  30  per  cent,  dextrose  solution  (7  grams 
per  kilo)  the  feces  for  the  four  following  days  contained  only 
one  gram  of  reducing  substance  from  which  osazones  could 
not  be  formed. 

Experiments  were  also  carried  out  to  determine  whether  a 
herbivoroi^s  animal  behaves  in  a  way  similar  to  the  camivora 
toward  subcutaneous  injections  of  dextrose.  For  this  purpose 
the  rabbit  was  selected. 

Experiment  8.  Rabbit  of  3.5  kilos  received  subcutaneously  43  c.c. 
of  a  30  per  cent,  dextrose  solution  (5  grams  per  kilo).  Urine  for  two  days 
following  the  injection  was  collected  by  compression  of  the  bladder  and 
found  to  be  free  from  reducing  substances. 

Experiment  9.  Rabbit  of  3 .  i  kilos.  50  c.c.  of  a  30  per  cent,  dextrose 
solution  (7  grams  per  kilo)  were  introduced  subcutaneously.  Only  the 
merest  trace  of  dextrose  appeared  in  the  urine  on  the  three  subsequent 
days. 

That  the  ability  of  the  body  to  utilize  dextrose  after  sub- 
cutaneous injection  is  large  is  indicated  by  the  results  of  the 
foregoing  experiments.     The  observations  further  suggest  that 
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such  injections  may  play  an  important  r61e  in  connection  with 
subcutaneous  nutrition  from  a  clinical  standpoint. 

CONCLUSIONS. 

No  evidence  has  been  obtained  that  large  quantities  of  dextrose 
subcutaneously  injected  exert  a  toxic  action  resulting  in  changes 
in  the  urinary  forms  of  nitrogen.  The  conclusion  of  Scott  that 
dextrose  may  thus  act  like  phosphorus,  etc.,  by  poisoning  the 
protoplasm  has  not  been  substantiated. 

The  results  of  Scott  are  attributed  in  part  to  ammoniacal 
fermentation  induced  in  the  urine  of  his  experimental  animals, 
and  also  to  errors  which  have  crept  into  his  work. 

The  present  experiments  also  demonstrate  the  great  power 
of  the  animal  body  to  utilize  dextrose  given  subcutaneously. 
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Biologists  have  always  taken  considerable  interest  in  vitellin, 
owing  to  its  relation  to  haemoglobin  and  to  nuclein.  Hence,  it 
is  natural  that  the  substance  also  attracted  the  attention  of 
chemists.  Vitellin  is  distinguished  from  other  proteids  on  ac- 
coxmt  of  its  acid  properties.  The  component  upon  which  the 
add  properties  depends  has  attracted  our  attention  for  several 
years.  It  seemed  desirable  to  study  the  relation  of  the  proteid 
entering  into  the  molecule  of  vitellin  to  other  proteids,  and  especi- 
ally to  those  composing  true  nucleoproteids.  Moreover,  an  effort 
to  compare  the  composition  of  the  proteid  in  vitellin  with  that 
of  vitellinic  acid  was  undertaken. 

The  present  communication  refers  to  the  composition  of 
vitellin.  In  a  later  report  the  results  of  a  study  on  vitellinic 
add  will  be  given. 

The  substance  employed  in  the  course  of  this  work  was  pre- 
pared in  the  same  manner  as  the  one  used  in  our  previous  work.^ 
It  was  once  repredpitated  and  then  washed  by  decantation. 
The  hydrolysis  was  accomplished  by  bdling  with  four  parts  of 
strong  hydrochloric  add  and  the  amino-adds  were  studied  by 
means  of  Fischer's  ester  method. 

The  hexon  bases  were  separated  from  the  part  remaining  after 
the  extraction  of  the  esters  by  means  of  ether.  However,  to 
render  the  course  of  analysis  possible  it  was  thought  desirable 
to  modify  somewhat  the  process  of  Fischer.  The  transformation 
of  the  hydrochloride  of  the  esters  into  the  free  esters  is  accom- 
plished, according  to  Fischer,  by  means  of  potassium  carbonate 
and  sodium  hydrate.  This  naturally  results  in  saturating  with 
inoiganic  salts  the  part  remaining  after  the  removal  of  the  amino- 
adds  ;  and  this  in  its  turn  makes  the  analysis  of  this  fraction  very 
troublesome.  However,  if  dry  barium  oxide  and  a  solution  of 
*  Zeitschr.  f.  physioL  Chem.,  xxxii,  p.  281,  1901. 
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barium  hydrate  are  employed  instead  of  the  alkalies  mentioned 
the  removal  of  the  alkali  is  accomplished  without  difficulty. 

Three  htindred  grams  of  vitellin  and  two  liters  of  hydrochloric  acid  were 
heated  in  a  reflux  condenser  for  six  hours.  The  product  of  hydrolysis 
was  esterified  in  the  usual  manner  by  means  of  dry  hydrochloric  acid  and 
absolute  alcohol.  The  operation  was  repeated  three  times.  The  excess 
of  hydrochloric  acid  and  of  alcohol  was  then  removed  tmder  diminished 
pressure.  The  transformation  of  the  hydrochlorides  into  the  free  esters 
was  accomplished  in  the  same  manner  as  was  done  by  Fischer,  with  the 
exception  that  dry  barium  oxide  was  emplo3red  instead  of  potassium 
carbonate  and  a  concentrated  solution  of  baritun  hydroxide  instead  of 
sodium  hydrate. 

The  residue  from  the  free  esters  was  esterified  a  second  time  with  dry 
hydrochloric  acid  and  absolute  alcohol.  To  make  this  possible  the 
baritun  was  removed  quantitatively  by  means  of  sulphuric  acid. 

The  two  ethereal  extracts  containing  the  free  esters  were  combined 
and,  after  the  removal  of  the  ether,  subjected  to  fractional  distillatioQ 
at  Z5  mm.  pressure. 

The  following  fractions  were  obtained: 

Up  to    60*»C 15.2  grams 

60"    80*»C 17.0       " 

80"    90*^0 15.5       " 

95"  105*»C 2.9       " 

105  ••  165*»C 21.6       " 

Total 72.2  grams 

This  yield  of  esters  should  be  r^arded  as  the  minimal,  since 
the  work  was  done  during  the  late  summer  months  when  it  was 
impossible  to  obtain  a  vacuum  by  the  water  ptimp  lower  than 
15  millimeters;  furthermorci  considerable  time  elapsed  between 
the  first  and  second  esterification.  It  is  possible  that  the  esters 
of  the  first  extraction  had  suffered  some  condensation. 

Fraction  up  to  6o°C.  From  this  fraction  glycocoll  and  alanin 
were  obtained.  For  the  separation  of  glycocoll  the  amino-acids 
of  this  fraction  were  again  esterified  by  means  of  alcohol  and  dry 
hydrochloric  acid.  About  0.3  gram  of  the  hydrochloride  of 
glycocoll  ethylester  was  obtained.  The  substance  was  once 
recrystallized  out  of  absolute  alcohol.  Its  melting  point  was 
i44°C. 

The  filtrate  from  glycocoll  was  diluted  with  water  and  heated 
in  a  reflux  condenser  for  three  hours.  The  alcohol  was  then 
removed  by  evaporation  and  the  hydrochloric  acid  by  means  of 
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silver  sulphate.  While  this  work  was  in  progress  one  of  us  (Le- 
vene) made  the  observation  that  phosphotungstic  add  may  be 
employed  for  the  separation  of  certain  amino-adds.  Thus  the 
solution  of  the  amino-adds  of  this  fraction  containing  sulphuric 
add  was  treated  with  a  concentrated  solution  of  phosphotungstic 
add  (4  parts  of  add  to  i  of  water),  so  long  as  an  oily  predpitate 
was  formed.  The  supernatant  liquid  was  decanted  and  treated 
with  an  excess  of  the  same  reagent.  A  crystalline  phospho- 
tungstate  was  obtained.  Both  glycocoll  and  alanin  form  a 
crystalline  phosphotungstate.  However,  according  to  the  obser- 
vation of  one  of  us  (Levene)  glycocoll  forms  an  insoluble  picrate 
while  alanin  does  not.  The  crystalline  phosphotungstate  ob- 
tained from  this  fraction  was  decomposed  in  the  usual  manner, 
concentrated  to  a  very  small  volume,  and  tested  with  an  alcoholic 
solution  of  picric  add.  On  standing,  no  picrate  of  glycocoll 
could  be  obtained.  On  treatment  with  alcohol  and  ether  there ' 
resulted  a  predpitate  having  the  composition  of  alanin. 

0.1285  gram  of  the  substance  gave  on  combustion  0.1896  gram  COt 
and  0.0975  gram  HaO. 

Calculated  for  C,H,NO,:  Found: 

C—  40.45percent.  40. 24  percent. 

H  -    7.87  "     "  8.40  "      " 

The  yield  was  about  o.  500  gram. 

Fractions  60-80^  and  80-go^C,  The  analysis  of  these  and  of 
the  following  fractions  was  completed  before  the  observation  on 
the  behavior  of  phosphotungstic  acid  toward  amino-adds  was 
made.  It  was,  therefore,  carried  out  by  the  method  of  Fischer. 
The  two  fractions  were  saponified  by  boiling  with  water  and 
evaporated  to  dryness.  The  residues  were  extracted  with  boiling 
absolute  alcohol.  The  part  insoluble  in  alcohol  was  recrystal- 
Ii2^  from  water.  The  substance  thus  obtained  had  all  the 
properties  of  leucin. 

The  substance  recrystallized  a  second  time  had  the  following 
composition: 

0.1529  gram  of  the  substance  was  employed  for  a  Kjeldahl  nitrogen 
estimation.     It  required  for  neutralization  12 .  00  c.c.  of   {^  HaS04. 

Calculated  for  CtH„NOa :  Foimd: 

N  -  11.02  per  cent.  10.98  per  cent. 

The  total  yield  of  leucin  was  10  grams. 
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From  the  filtrates  from  the  leucin  an  attempt  was  made  to 
obtain  the  copper  salts  of  aminovalerianic  and  of  aminobutyric 
adds.  The  salts  obtained  did  not,  however,  possess  the  compo- 
sition of  the  adds  sought. 

The  alcoholic  extracts  of  these  fractions  were  combined  and 
evaporated  to  dryness;  the  residue  again  extracted  with  abso- 
lute alcohol  and  the  solution  evaporated.  The  operation  was 
repeated  three  times.  The  final  residue  was  allowed  to  stand 
in  a  vacuum  desiccator  over  sulphuric  acid.  After  drying  for 
two  days  in  this  manner  the  extract  weighed  12.0  grams.  It 
was  regarded  as  crude  prolin.  In  order  to  identify  the  substance 
it  was  transformed  into  the  inactive  acid  by  heating  with 
barium  hydroxide  for  five  hours  in  an  autoclave  at  iso°C. 
After  cooUng,the  barium  was  removed  by  means  of  sulphuric 
add  and  the  filtrate  evaporated  to  dryness.  The  residue  was 
extracted  with  absolute  alcohol  and  the  alcohoUc  extract  em- 
ployed for  the  preparation  of  the  copper  salt  of  the  inactive 
prolin.  Three  grams  of  the  salt  recrystallized  out  of  water 
were  obtained. 

0 .  5874  gram  of  the  substance  gave  0 .  0626  gram  HaO. 
0 .  1300  gram  of  the  substance  gave  0 .  0320  gram  CuO. 

Calculated  for  (C,H,N0,)2Cu   +   2HaO:  Found: 

HaO  «  10.99  percent.  10  66  per  cent. 

Cu      -  19.27  *•      **  19.62    "      " 

Fraction  95-io^^C.  Leudn  was  obtained  from  this  fraction. 
The  yield  was  i  gram. 

Fraction  los-ids^C.  From  this  fraction  aspartic  and  glutj^c 
acids  and  phenylalanin  were  isolated.  For  this  purpose  the  esters 
were  dissolved  in  ether  and  the  first  two  acids  extracted  from  the 
ethereal  solution  by  means  of  water. 

Phenylalanin  ester  was  saponified  by  means  of  hydrochloric 
acid  and  the  hydrochloride  of  the  substance  thus  obtained 
transformed  into  the  free  acid  by  means  of  ammonia.  For 
identification  it  was  recrystallized  out  of  water  and  analysed. 
The  yield  was  2.9  grams. 

0.1194  gram  of  substance  gave  on  combustion  0.2850  gram  CO|  and 
0.0700  gram  H,0. 

Calculated  for  C^H,, NO, :  Found : 

C  I-  65.45  per  cent.  65.09  per  cent. 

H   «     6.66    "       "  6.62  " 
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The  fraction  containing  aspartic  and  glutamic  acids  was 
saponified  with  baritim  hydroxide.  The  first  substance  separated 
in  the  form  of  the  basic  barium  salt.  The  yield  was  1.7  grams. 
For  analysis  it  was  recrystallized  out  of  water. 

0.1700  gram  of  the  substance  gave  on  combustion  0.2262  gram  COa 
and  0.080  gram  HjO. 

Calculated  for  C*  H ,  NO4 :  Found : 

C    -  36.09  per  cent.  36.26  per  cent. 

H    -     5.26    "        "  6.68    ''       " 

The  filtrate  from  the  basic  barium  salt  of  aspartic  acid  was 
employed  for  the  separation  of  glutamic  acid.  For  this  purpose 
the  barium  was  removed  quantitatively,  the  solution  evaporated 
to  dryness,  the  residue  taken  up  in  concentrated  hydrochloric 
acid,  and  the  hydrochloride  of  the  substance  allowed  to  crys- 
tallize. This  was  transformed  into  free  glutamic  acid  in  the 
usual  manner.     The  yield  was  3 .3  grams. 

0.1362  gram  of  the  substance  gave  on  combustion  0.1986  gram  CO} 
and  0.0147  gram  H,0. 

Calculated   for   CsH^NO*:  Found: 

C  —  40.81  per  cent.  40.95  per  cent. 

H   -    6,12    "      "  6.14    "       " 

Tyrosin.  The  residue  from  the  esters  was  employed  for  the 
separation  of  tyrosin  and  of  the  hexon  bases.  It  was  dissolved 
n  a  considerable  amount  of  water,  the  barium  was  then  removed 
quantitatively,  and  the  filtrate  from  the  barium  sulphate,  which 
still  contained  hydrochloric  acid,  was  heated  for  several  hours 
on  a  water-bath.  The  excess  of  hydrochloric  acid  was  then 
removed  by  means  of  lead  oxide;  the  excess  of  lead  removed  by 
sulphuretted  hydrogen.  The  filtrate  from  the  lead  sulphide  was 
concentrated  to  a  small  voltime.  On  concentration,  t)rrosin 
crystallized  out.     The  yield  was  about  i  gram. 

For  analysis  the  substance  was  recrystallized  out  of  acetic  acid. 

0.1379  gram  of  the  substance  was  employed  for  a  Kjeldahl  nitrogen 
estimation.     It  required  for  neutralization  7.6  c.c.  of  %     H]S04. 
Calculated  for  CpH^jNO,:  Found: 

N   —  7.73  per  cent.  7.60  per  cent. 

Hexon  Bases.  The  filtrate  from  tyrosin  was  acidified  with 
sulphuric    acid  and   treated  with   a    50   per  cent,  solution  of 
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phosphotungstic  add.  This  caused  the  formation  of  a  gtimmy 
precipitate  (Ppt.  I).  When  further  treatment  with  the  reagent 
ceased  to  bring  down  a  precipitate  of  that  nature,  the  super- 
natant liquid  was  removed  by  decantation  and  the  treatment 
with  the  reagent  was  continued.  A  second  precipitate  (Ppt.  II) 
of  a  finely  granular  character  was  formed. 

Each  of  the  precipitates  was  decomposed  in  the  usual  manner, 
and  was  further  treated  for  hexon  bases  by  the  process  devised 
by  Kossel  and  Kutscher.  The  first  precipitate  yielded  no  histi- 
din.  From  the  aiginin  fraction  an  amorphous  silver  salt  was 
obtained,  which  possessed  all  the  properties  of  a  substance 
obtained  by  one  of  us  (Levene)^  from  a  similar  fraction  of  the 
products  of  hydrolytic  cleavage  of  heteroalbumose.  The  alco- 
holic ethereal  mother  liquid  from  the  amorphous  silver  salt,  on 
long  standing,  deposited  on  the  walls  of  the  vessel  a  g^ranular 
substance  resembling  aiginin  silver  nitrate. 

The  lysin  fraction  yielded  ab6ut  6  grams  of  lysin  picrate. 
For  identification  the  substance  was  once  recrystallized  out  of 
water. 

0. 1797  gram  of  the  substance  gave  on  combustion  29.5  c.c.  of  N  (over 
60  per  cent.  KOH)  at  i  -  22*»C.  and  p  -  760.0  mm. 
Calculated   for   CgHuNjOa.  C4H,N,0,:  Found: 

N   «-  18.65  per  cent.  18.59  per  cent. 

In  the  second  precipitate  the  histidin  fraction  was  larger  than 
in  the  first  one.  However,  the  yield  of  the  dichloride  was  so 
small  that  it  could  not  be  purified  for  analysis.  The  presence 
of  histidin  in  the  molecule  of  vitellin  is  made  certain  by  the  fact 
that  it  was  isolated  by  the  writers  from  the  products  of  hydrolysis 
of  viteUinic  acid. 

The  aiginin  fraction  yielded  7.5  grams  of  the  silver  nitrate 
salt  of  arginin. 

0.1200  gram  of  the  substance  once  recr3rstallized  gave  0.0318  gram  of 

Ag. 

Calculated  for  C4HUN4O, .  HNO,  +  AgNOa:  Found: 

Ag.    ->  26.54  per  cent.  26.50  per  cent. 

No  picrate  could  be  obtained  from  the  lysin  fraction.     It  was 

>This  Journal,  i,  p.  45,  1905. 
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also  impossible  to  obtain  any  substance  in  a  crystalline  form 
from  this  lEraction. 

Calculated  for  100  grams  of  vitellin,  the  yield  of  the  constituents 
was  as  fallows: 


Glyoocoll 

trace 

Alanin 

0.16  grams 

Leucin 

3.30      •• 

Piolm 

4.00      •• 

Aspartic  acid 

0.6 

1.00      " 

Phenylalanin 

1.00    •• 

Tyrostn 

0.400    •• 

Histidhi 

trace 

AxpSUBL 

1.20      •• 

Lystn 

2.40      " 

It  has  already  been  stated  that  the  yield  of  the  various  con- 
stituents indicates  only  the  minimal  quantities  present  in  the 
molecule.  But  the  high  proportion  of  prolin  to  other  amino- 
adds  is  especially  notewodrthy.  This  is  very  significant,  since 
vitellin  furnishes  the  material  for  the  production  of  haemoglobin*^ 

iSome  time  after  the  woric  described  in  this  paper  had  been  pompleted 
a  commmiication  on  the  same  subject  by  Hngomienq  appeared  in  the 
Jammal  de  fkysiclogk  €t  dt  patkologU  ghUraU  (viii,  p.  209,  1906). 
In  view  of  the  fact  that  in  the  present  communication  some  modifications 
of  Fischer's  process  are  described,  and  also  in  view  of  the  quantitative 
differences  existing  between  some  of  our  results  and  those  of  Hugounenq. 
we  have  concluded  to  publish  our  findings. 


ON  SULPHATE  AND  SULPHITR  DETERMINATIONS. 

By  S.  F.  AGREE. 
(From  the  Chemical  Laboratory  of  the  Johns  Hopkins  University.) 
(Received  for  publication,  Febrtiary  22,  1906.) 

In  the  article  by  Otto  Folin^  under  the  above  title,  we  find  the 
following  in  the  section  entitled  **Gooch  Crucibles  versiis  Filter 
Paper  in  Sulphate  Determinations"  (p.  148):  **It  has  indeed 
been  pointed  out  that  some  error  may  creep  in  in  connection 
with  the  burning  of  the  filters,  but  this  error  has  been  explained 
as  a  reduction  of  sulphate  to  sulphide.  Occasionally  this  may 
happen,  but  not  often.  It  is  seldom  that  barivim  sulphate 
precipitates  gain  in  weight  after  treatment  with  a  drop  of 
sulphuric  acid  and  reheating.  The  mechanical  loss  of  notable 
quantities  of  barixmi  sulphate  occurs,  however,  nearly  every 
time." 

The  writer's  experience  is  in  entire  harmony  with  the  last 
sentence  of  the  above  quotation,  but  not  with  the  remainder 
of  that  section.  When  the  filters  containing  the  barium  sul- 
phate precipitates  are  '* burned"  in  an  open  crucible  there  is 
nearly  always  a  mechanical  loss.  The  writer  has  therefore  re- 
sorted to  the  method  of  heating  the  filter  gently  in  a  closed 
crucible  until  gases  no  longer  escape,  the  crucible  lid -is  then 
moved  slightly  to  one  side  to  leave  openings  for  the  entrance 
and  exit  of  air,  and  the  charred  filter  is  completely  oxidized. 
In  this  way  very  Httle  mechanical  loss  is  experienced.  For 
several  years  the  writer  and  his  students  have  been  using  Gooch 
crucibles  with  asbestos  mats  for  collecting  barixun  sulphate, 
calcitmi  sulphate,  silver  chloride,  etc.,  and  have  found  them 
very  serviceable.  The  crucible  can  be  dried  by  heating  it  with 
a  Roger's  burner,  or  in  a  slightly  larger  iron  or  copper  crucible 
with  a  Hd;  in  the  latter  case,  the  Gooch  crucible  must  stand  on 
a  clay  triangle  or  on  a  porcelain  plate. 

>This  Journal,  i,  p.  131,  1906. 
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The  idea  that  barixun  sulphate  is  not  often  reduced  by  the 
heated  carbon  or  gases,  and  at  most  to  only  a  sUght  extent, 
is  a  serious  error  and  unfortunately  one  that  has  widespread 
acceptance.  6ari\un  sulphate  is  reduced  to  barium  sulphide 
under  the  conditions  generally  used,  and  this  reduction  may 
even  reach  nearly  the  theoretical  value.  When  the  residue  is 
treated  with  the  dilute  sulphuric  acid  a  strong  odor  of  hydrogen 
sulphide  is  noticeable.  Furthermore,  it  will  be  recalled  that 
calcitim  sulphide  is  made  commercially  by  heating  a  mixture 
of  calcitmi  sulphate  and  finely  divided  coal.  In  order  to  impress 
this  reduction  phenomenon  thoroughly  upon  their  minds,  the 
writer  has  often  made  his  students  in  quantitative  analysis 
determine  the  weight  of  the  barium  sulphate  immediately  after 
burning  the  filter,  and  then  again  after  treating  this  with  sul- 
phuric acid;  the  increase  in  weight  is  very  often  ten  per  cent, 
of  the  weight  of  the  baritmi  sulphate.  Of  cotirse  when  the 
main  portion  of  the  barium  sulphate  is  removed  from  the  dried 
filter  before  the  latter  is  burned,  the  error  involved  is  not  large 
even  when  the  baritmi  sulphide  is  not  converted  into  barium 
sulphate.  But  when  the  entire  amotmt  of  baritim  sulphate  is 
burned  in  the  filter,  as  is  often  the  case  when  the  quantity  is 
small,  and  as  is  very  frequently  the  case  in  technical  "rapid 
method'*  laboratories,  where  the  wet  filter  is  put  into  the  crucible 
to  be  dried  and  burned  in  the  same  operation,  the  amount 
of  reduction  may  be  large.  And  the  deplorable  feature  is  that 
in  many  of  these  technical  laboratories  the  residue  is  not  sub- 
sequently treated  with  stdphtuic  acid,  or  at  most  only  once. 
Their  results  then  are  always  too  low,  unless  enough  of  other 
salts  is  included  in  the  baritmi  sulphate  to  make  up  for  the 
error. 

The  following  experiments,  however,  will  abundantly  illus- 
trate the  point  that  barium  stdphate  is  very  easily  reduced 
under  the  conditions  used  and  that  the  sulphide  is  not  oxidized 
back  into  barium  sulphate  completely,  even  when  it  is  heated 
for  considerable  periods  of  time.  The  figures  representing  the 
amount  of  reduction  observed  are  lower  than  the  actual  amount 
of  reduction  for  the  reason  that  some  of  the  barium  sulphide 
is  oxidized  back  into  barium  sulphate  during  the  reduction 
process  and  part  of  the  barium  sulphide  is  probably  converted 
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into  barium  carbonate  by  carbonic  add.  Hydrogen  sulphide 
is  constantly  evolved  from  the  crucible  when  it  is  open  to  the 
moisture  and  carbon  dioxide  of  the  atmpsphere.  The  experi- 
ments further  clearly  show  that  the  baritmi  sulphide  is  not 
easily  converted  completely  into,  barium  sulphate  by  sulphuric 
add.  Just  as  water  penetrates  the  crystals  of  baritmi  sulphate 
and  dissolves  ocduded  salts  only  with  difficulty,  so  the  sulphuric 
add  penetrates  the  crystals  and  converts  the  sulphide  into  sul- 
phate only  very  slowly.  A  coating  of  sulphate  formed  arotmd  the 
sulphide  protects  the  latter  from  the  action  of  the  add  and  it 
is  often  necessary  to  heat  the  residue  several  times  with  con- 
centrated sulphuric  add  to  secure  a  constant  wdght.  Even 
then  it  is  doubtful  whether  all  of  the  sulphide  has  been  acted 
upon,  and  the  writer  feels  that  the  low  results  often  obtained 
by  the  barium  sulphate  method  are  due  to  this  error  as  well 
as  to  the  error  from  mechanical  loss.  In  the  following  experi- 
ments the  ignitions  were  made  in  a  closed  platintmi  crudble 
with  a  Roger's  burner. 

The  sugar  and  filter  papers  were  btimed  slowly  to  avoid 
mechanical  losses  by  the  issuing  gases.  The  sulphuric  add 
used  left  no  residue  when  evaporated.  The  per  cent,  of  reduc- 
tion was  determined  from  the  loss  in  wdght  and  the  wdght 
of  the  total  baritmi  sulphate. 

BXPBRIMBNT  I. 

Pure  ignited  barium  sulphate 1.1021  grams 

After  burning  with  one  gram  of  cane  sugar 0.9666 

Observed  reduction,  12.30  per  cent 0.1355 

After  heating  30  minutes 1.0158 

After  heating  60  minutes 1.0596 

After  treating  with  3.0  c.c.  dilute  stdphuric  add 1.1001 

After  treating  with  3.0  c.c.  concentrated  sulphuric  acid, 

(weight  still  0.0015  gram  too  low) 1.1006      " 

This  experiment  shows  (i)  that  barium  sulphate  is  very  easily 
reduced;  (2)  that  barium  stdphide  is  not  easily  oxidized  to 
barium  sulphate  by  hot  oxygen,  and  (3)  that  barium  sulphide 
is  not  converted  completely  into  barium  sulphate  by  two  treat- 
ments with  sulphuric  add. 
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EXPERIMBNT  II. 

After  slowly  igniting  the  wet  filter  paper  containing  all 

of  the  barium  sulphate 2.0756  grams 

After  heating  once  with  3.0  c.c.  of  dilute  sulphuric  acid  . .  2.2465 
After  heating  with  3.0  c.c.  of  concentrated  stdj^uric  acid  2.2475 
After  heating  twice  with  3.0  c.c.  of  concentrated  sulphuric 

acid 2.2485 

After  heating  three  times  with  3.0  c.c.  of  concentrated 

sulphtiric  acid 2.2495 

After  heating  four  times  with  3.0  c.c.  of  concentrated 

sulphuric  acid 2^1500 

Observed  reduction,  7.76  per  cent 0^174^ 
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This  experiment  shows  (i)  how  difl&cult  it  is  to  change  a 
large  amount  of  barium  sulphide  into  barium  sulphate  by  means 
of  sulphuric  acid,  and  (2)  how  easily  baritim  sulphate  deter- 
minations can  be  systematically  low  on  account  of  reduction 
when  the  wet  filter  is  dried  and  burned  in  one  operation. 

Experiment  III. 

After  igniting  the  dry  filter  paper  containing  all  of  the 
barium  sulphate  and  heating  30  minutes  after  the 
carbon  was  completely  burned 0.4313  grams 

After  evaporating  with  3.0  c.c.  of  dilute  sulphuric  acid. . .      0.4487 

After  evaporating  with  3.0  c.c.  of  concentrated  sulphuric 

acid 0.4495 

After  evaporating  twice  with  3.0  c.c.  concentrated  sul- 
phuric acid 0.4495 

Observed  reduction,  4.05  per  cent 0.0182 
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This  experiment  shows  (i)  that  with  smaller  quantities  of 
baritun  sulphate  the  amotmt  of  reduction  is  still  considerable, 
and  (2)  that  three  evaporations  with  sulphuric  acid  were  neces- 
sary to  secure  constant  weight. 

The  tmcertainty  of  results  obtained  by  the  baritim  sulphate 
method  has  caused  the  writer  to  avoid  its  use  whenever  possible 
and  to  employ  others,  the  accuracy  of  which  was  carefully  tested. 

In  the  standardization  of  approximately  normal  solutions 
of  pure  sulphuric  acid  (and  hydrochloric  acid)  the  following 
method,  devised  by  the  writer,  has  proved  to  be  the  most 
advantageous^  Sodium  bicarbonate  was  crystallized  twice  and 
was  then  free  from  chlorides,  sulphates,  and  silicates.    Approxi- 
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mately  4.12  grams  of  this  were  introduced  into  a  tall  beaker, 
covered  with  a  watch  glass  with  a  hole  in  the  centre,  and  titrated 
with  the  necessary  volume  of  the  acid  (nearly  50.0  c.c),  methyl 
orange  being  the  indicator.  The  solution  was  then  brought  to 
boiUng  in  the  beaker  to  expel  the  carbon  dioxide  and  was  then 
evaporated  to  dryness  and  ignited  in  a  weighed  platinum  dish. 
Another  similar  platinum  dish  was  used  as  a  tare  in  all  the 
weighings.  From  the  weight  of  the  residual  sodium  salt  and 
the  volume  of  acid  used  the  strength  of  the  acid  solution  was 
easily  determined.  From  0.005  c.c.  to  o.oi  c.c.  of  normal 
add  solution  is  sufficient  to  give  the  color  change  with  methyl 
orange ;  the  error  of  titration  need  not  then  be  more  than  o .  02 
per  cent.,  and  the  weighing  error  is  not  more  than  o.oi  per 
cent.  Special  experiments  showed  that  when  50.0  c.c.  of  water, 
containing  one  drop  of  1:2000  methyl  orange  solution,  was 
treated  with  pure  carbon  dioxide,  the  pink  color  produced 
was  discharged  by  0.05  to  o.  50  c.c.  y^  potassium  hydroxide  so- 
lution. A  similar  solution  of  50.0  c.c.  water,  one  drop  methyl 
orange  solution,  and  0.50  c.c.  -^  potassium  hydroxide  solution 
was  not  changed  to  the  faintest  pink  when  saturated  with  car- 
bon dioxide.  It  is  obvious  then  that  in  titrating  carbonates 
in  the  presence  of  methyl  orange,  the  solution  must  be  titrated 
with  acid  till  the  color  is  just  as  deep  a  shade  of  pink  as  that  of 
a  similar  volume  of  water  saturated  with  carbon  dioxide  and  con- 
taining the  same  amount  of  indicator;  otherwise  the  solution 
will  still  contain  a  small  amount  of  carbonate  or  bicarbonate 
of  the  metal  not  neutralized  by  the  strong  acid.  These  experi- 
ments indicate  just  how  sensitive  methyl  orange  is  to  the  very 
weak  carbonic  add. 

It  is  obvious  that  the  method  can  be  used  for  the  determina- 
tion of  the  strength  of  the  solution  of  any  add  whose  soditma 
salt  can  be  dried.  The  titration  error  is  larger  for  weaker 
adds,  and  should  be  determined  for  each  case.  The  adds  used 
for  making  the  standard  solutions  must  be  chemically  pure. 

The  accuracy  of  the  method  is  shown  by  the  following  data 
which  were  kindly  furnished  by  Mr.  R.  F.  Brunei.  A  solution  of 
hydrochloric  add  known  to  be  0.99987  normal  was  used. 
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C.C.  of  Acid  Used. 

Weight  of  NaQ. 

Normal  Strength. 

30.30 
30.50 
47.24 

1.7730 
1.7833 
2.7629 

1.00020 
0.99937 
0.99976 

Average,  0.99972 
Theory,  0.99987 
Error,      0.015  per  cent. 

A  solution  of  sulphtiric  add,  made  up  by  titration  methods 
through  two  other  solutions  to  be  exactly  normal,  was  analyzed 
by  this  method  and  also  checked  by  a  barium  sulphate  deter- 
mination. 


C.C.  of  Acid  Used 

Weight  of  NatSOi 

Normal  Strength 

45.33 
47.32 

3.2288 
3.3723 

1.0021 
1.0026 

Average,  1.0023 

C.c.  of  Add  Used 

Weight  of  BaS04 

Normal  Strength 

20.68 

2.4170 

1.0013 

The  two  values  obtained  by  the  new  method  agree  very 
closely,  namely  to  within  0.05  per  cent.  As  the  titration  errors 
involved  in  standardizing  the  normal  sulphuric  add  aggr^ated 
o .  20  per  cent.,  and  as  the  error  in  the  barium  sulphate  determi- 
nation was  probably  o .  10  per  cent.,  the  value  i .  0023  N  obtained 
by  the  new  method  agrees  very  closely  with  the  values  obtained 
by  the  other  methods,  and  is  probably  not  more  than  0.03 
per  cent,  from  the  correct  concentration. 

The  writer  feels  that  the  method  can  be  relied  upon,  with 
careful  work,  to  give  results  which  are  acctirate  to  approxi- 
mately 0.03  per  cent.  In  a  similar  manner  the  exact  strength 
of  a  solution  of  ptire  soditma  or  potassium  hydroxide,  or  car- 
bonate, can  be  determined  by  evaporating  an  exact  volume, 
approximately  50.0  c.c,  with  an  excess  of  pure  hydrochloric 
add,  and  wdghing  the  residual  salt.  The  wdght  of  the  chloride 
obtained  and  the  volume  of  alkaline  solution  used  give  data 
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for  determining  the  strength  of  the  alkaline  solution.  If  the 
alkali,  however,  contains  silicates,  stilphates,  or  chlorides,  etc., 
the  method  cannot  be  used. 

The  writer  has  found  Wildenstein's  volumeitric  method  to 
be  of  great  service  in  estimating  stilphates  in  mixtures.  -^ 
solutions  of  barium  chloride,  sodium  sulphate,  and  potassimn 
chromate  are  convenient  for  general  work.  The  experimenter 
must  first  become  familiar  with  the  color  changes.  The  writer 
has  checked  this  method  against  the  barium  sulphate  and 
calcium  sulphate  methods  and  finds  it  accurate  to  within  o .  20 
per  cent.,  the  exactness  depending  upon  the  operator.  The 
following  analyses  give  an  idea  of  how  accurately  different 
titrations  check: 

Exp.  X. — Solution  of  sodium  sulphate;  15.00  c.c.  — 14.25,  14.16,  14.29. 

14.19,  or  an  average  of  14.22  c.c.  ^  BaCU  solution. 

Exp.  2. — Solution  of  potassium  sulphate;  20.00  c.c.  —  10.04,  10.05, 
10.07,  10.08,  or  an  average  of  10.06  c.c.  ^  BaCla  solution. 

Exp.  3. — Solution  of  ammonium  sulphate;  15.00  c.c. —  8.47,  8.41,  8.45f 
8.43,  or  an  average  of  8.44  c.c.  j{  BaCl^  solution. 

Exp.  4. — Solution  of  magnesium  sulphate;    15.00  c.c  — 15.19,   15.21, 

15.20,  or  an  average  of  15.20  c.c.  j  BaCla  solution. 

Exp.  5. — Solution  of  potassium  sulphate;  15.00  c.c  — 6.69,  6.58,  6.70, 
6.72,  6.76,  6.76,  6.67,  6.69,  or  an  average  of  6.70  c.c  ^  BaCl,  solution. 

Exp.  6. — Solution  of  ammonium  sulphate;  15.00  c.c  — 14.77,  14.78, 
li,72,  14.76,  14.71,  14.70,  or  an  average  of  14.74  c.c.  A  BaCl.  solution. 

Exp.  7. — Solution  of  sodium  sulphate;  12.00  c.c. -11.34,  11.40,  11.42, 
11.30,  11.31,  11.38,  or  an  average  of  11.36  c.c.  A  BaCU  solution. 

Exp.  8. — Solution  of  potassium  sulphate;  13.50  c.c  — 12.73,  12.74, 
12.72,  12.71,  or  an  average  of  12.725  c.c.  ji  BaCla  solution. 

£xp.  9. — Solution  of  sodium  sulphate;  10.00  c.c. -10.27,  10.23,  10.23, 
10.24,  10.26,  10.22,  or  an  average  of  10.24  c.c.  ft  BaCl,  solution. 

Exp.  10. — Solution  of  barium  chloride;  10.00  c.c -9.84,  9.84,  9.82, 
9.82  or  an  average  of  9.83  c.c.  1.024  A  NatSOi  solution. 

Instead  of  the  barium  sulphate  method  the  writer  often  uses 
the  method  in  which  calcium  sulphate  is  precipitated  from  a 
60  to  75  per  cent,  alcohol  solution.  This  can  be  employed  only 
when  no  other  substance  precipitates  out  with  the  caldtim 
sulphate,  and  can  be  used  for  determining  caldimi  as  well. 
Often  a  knowledge  of  the  conditions  present  will  enable  the 
operator  to  choose  the  volume  of  solution  necessary  to  retain  in 
solution  all  of  the  salts  except  the  calcium  sulphate.     The 


142         Sulphate  and  Sulphur  Determinations 

method  of  procedure  is  the  following.  The  water  solution  of 
the  sulphate  (or  calcium  salt)  is  diluted  with  two  or  three 
voltmies  of  alcohol,  and  warmed.  To  this  solution  is  added 
a  concentrated  solution  of  calcium  chloride  (or  sulphuric  acid), 
whereupon  the  calcium  sulphate  precipitates  out  as  a  feathery 
mass.  The  solution  is  allowed  to  cool  two  hours  and  is  then 
filtered  on  a  (Jooch  crucible  or  on  a  filter  wet  with  alcohol. 
In  either  case  the  precipitate  is  washed  well  with  absolute 
alcohol  and  dried  quickly  at  iio°  C.  If  the  precipitate  is  col- 
lected in  a  (jooch  crucible  this  is  dried  at  a  faint  red  heat.  When 
a  filter  paper  is  used,  the  precipitate  can  be  practically  com- 
pletely removed  from  the  filter  paper  without  the  least  difficiilty. 
The  filter  is  then  burned  as  above,  and  treated  with  sulphuric 
acid  till  constant  in  weight:  the  main  portion  of  the  calcium 
sulphate  is  then  added  to  the  crucible,  which  is  then  heated 
to  faint  redness  at  the  upper  edge  with  a  Roger's  burner. 

The  following  experiments  illustrate  how  accurately  the  de- 
terminations check.  The  first  analysis  gives  an  idea  of  the 
exactness  of  the  method. 

Exp.  I. — Calcium  sulphate  solution:  (1)  98.86  c.c.  evaporated  to  dry- 
ness and  ignited  gave  0.2116  gm.  CaS04. — (2)  99.05  c.c.  solution,  treated 
with  two  volumes  alcohol,  gave  0.2120  gm.  CaSOi.  Calculated  for  100.0 
c.c.    (i)  0.2140  gm.,  (2)  0.2140  gm.  CaSO*. 

Exp.  2. — Calcivtm  nitrate  solution:  (1)  15.06  c.c.  gave  0.2695  gm. 
CaSO*.— (2)  15.31  c.c.  gave  0.2743  gm.  CaSO*.  Calculated  for  10.00  c.c. 
(i)  0.17895  gm.,  (2)  0.17916  gm.  CaSO*. 

Exp.  3. — Sodium  sulphate  solution:  (1)  13.42  c.c.  gave  0.1037  gm. 
CaSO*.— (2)  14.90  c.c.  gave  0.1149  gm.  CaS04.  Calculated  for  20.00  c.  c. 
(1)  0.1545  gm.,  (2)  0.1542  gm.  CaSO*. 

Exp.  4. — Calcium  nitrate  solution:  (1)  20.06  c.c.  gave  0.1398  g^. 
CaSO*.— (2)  19.99  c.c.  gave  0.1394  gm.  CaSO*.  Calculated  for  20.00  c.c. 
(1)  0.1394  gm.,  (2)  0.1395  gm.  CaSO*. 

CONCLUSIONS. 

1.  Barium  sulphate  is  very  easily  reduced  to  barium  sul- 
phide, and  the  amount  may  often  be  half  the  theoretical  value. 
Several  evaporations  with  sulphuric  acid  may  be  necessary  to 
change  barium  sulphide  into  barium  stdphate. 

2.  A  new  method  for  standardizing  solutions  of  pure  hydro- 
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chloric  acid,  sulphtiric  add,  alkalies,  and  alkali  carbonates,  gives 
very  accurate  results. 

3.  The  titration  method  of  Wildenstein  for  sulphates,  or 
for  baritim,  gives  fairly  accurate  results.  The  method  for  the 
estimation  of  calcium,  and  of  sulphates,  involving  the  precipita- 
tion of  caldtmi  sulphate  from  alcoholic  solutions,  gives  fairly 
accurate  results. 


ON  THE  DETECTION  OF  FORMALDEHYDE  IN  MILK. 

(Preliminary  Contribution.) 

By  S.  F.  agree. 

(From  the  Chemical  Laboratory  of  the  Johns  Hopkins  University.) 

(Received  for  publication,  February  26,  1906.) 

When  milk  containing  a  trace  of  formaldehyde  is  mixed  with 
an  equal  voltmie  of  water  and  four  volumes  of  concentrated 
sulphuric  add,  in  which  there  is  a  small  amount  of  a  ferric  salt,  the 
solution  soon  acquires  a  violet  color  (Richmond  and  Boseley's 
modification  of  Hehner's  test).  If  comparison  tubes  are  simul- 
taneously made  from  milk  containing  known  qtiantities  of  form- 
aldehyde, a  comparison  of  the  color  in  the  milk  solution  under 
investigation  with  that  of  the  standard  solutions  will  give  roughly 
the  concentration  of  the  formaldehyde  in  the  milk  which  is  to 
be  analyzed.  The  test  is  so  sensitive  that  one  part  of  formalde- 
hyde in  200,000  of  milk  can  be  readily  detected,  but  the  test 
cannot  be  used  for  concentrated  solutions. 

In  the  study  of  this  analytical  method,  three  questions  are 
of  great  theoretical  and  practical  interest:  (i)  What  constituent, 
or  constituents,  of  the  milk  is  required  to  give  the  color?  (2) 
What  is  the  nature  of  the  colored  compound?  (3)  Do  any 
other  substances,  not  constituents  of  milk,  give  this  same  test 
for  formaldehyde,  and  do  other  aldehydes  behave  like  form- 
aldehyde? Obviously  the  first  and  third  questions  can  be  far 
more  easily  answered  than  the  second  one,  and  to  the  study 
of  these  the  present  paper  is  devoted.  As  time  permits,  the 
work  will  be  forwarded  and  it  is  hoped  that  further  light  on  this 
interesting  problem  can  be  sectired. 

In  the  study  of  the  first  question  the  various  constituents  of 
milk — casein,  lactalbumin,  lactose,  milk  fat,  the  mineral  matter 
— ^were  subjected  to  this  modification  of  Hehner*s  test.  That  is, 
each  substance  was  mixed  with  a  small  volume  of  1 15000  form- 
aldehyde and  to  this  was  added  some  of  the  sulphuric  acid.  Only 
the  casein  and  the  lactalbtunin  gave  the  violet  color,  and  the 
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success  of  Hehner's  test  depends  upon  the  presence  of  these  two 
substances  in  the  milk.  Furthermore,  there  is  some  kind  of  a 
quantitative  relationship  between  the  intensity  of  the  color  and 
the  amount  of  casein  and  lactalbiunin  in  the  milk.  Of  two  sam- 
ples of  milk  containing  the  same  per  cent,  of  formaldehyde  and 
different  amounts  of  casein,  the  one  having  the  larger  percentage 
of  casein  will  give  the  more  intense  color.  This  can  be  very 
readily  shown  as  follows :  when  to  5 .  o  c.c.  of  milk,  containing 
I  :  50,000  formaldehyde,  0.25  gram  of  commercial  casein  is  added, 
the  color  produced  by  Hehner*s  test  is  considerably  more  intense 
than  that  produced  by  the  check  test  on  the  milk.  If  0.50 
gram  of  casein  is  added  to  another  5 .  o  c.c.  of  the  same  sample  of 
milk  the  color  is  still  more  intense,  and  any  increase  in  the  amoimt 
of  casein  added  to  the  milk  causes  a  deepening  of  the  color, 
up  to  a  certain  limit.  The  point  of  interest  is,  then,  that  the 
intensity  of  the  color  depends  not  only  upon  the  amount  of 
formaldehyde  in  the  milk  but  also  upon  its  richness  in  casein 
and  lactalbimiin.  The  'delicacy  of  Hehner's  test  as  a  test  for 
milk  or  formaldehyde  is  shown  by  the  fact  that  a  mixture  of 
0.0*05  c.c.  of  milk,  0.005  c-C-  of  formaldehyde  solution  (1:5000), 
and  two  drops  of  the  sulphuric  acid  give  a  very  distinct  violet 
color.  As  these  volumes  of  milk  and  formaldehyde  solution  con- 
tain 0.0002  gram  of  casein  and  o. 00000 1  gram  of  formaldehyde, 
it  is  seen  that  the  test  is  very  delicate  for  both  of  these  substances. 

In  the  study  of  the  third  question,  it  was  found  that  of  all  the 
other  aldehydes  tested  (acetaldehyde,  paraldehyde,  chloral- 
hydrate,  benzaldehyde,  cuminal,  vanillin)  only  the  vanillin  gave 
the  violet  color  in  milk  and  sulphuric  add.  As  the  degree  of 
concentration  of  the  aldehyde  is  an  important  factor,  other 
aldehydes,  ketones,  etc.,  and  the  experimental  conditions  will  be 
studied  further. 

Not  only  does  casein  give  the  violet  color  with  formaldehyde 
and  the  sulphuric  add,  but  all  other  protdds  tested  give  the 
same  color.  On  the  other  hand  lactose,  glucose,  cane  sugar, 
starch,  butter,  monamino  adds,  urazoles,  and  many  other  sub- 
stances do  not  give  the  slightest  response  to  Hehner's  test. 
This  work  will  be  reported  in  detail  later,  ^but  it  may  be  stated 
briefly  that  only  the  complex  protdds  seem  to  form  the  colored 
compounds. 
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Of  the  various  proteids  investigated,  the  globtdin  from  squash- 
seed,  kindly  furnished  by  Professor  T.  B.  Osborne,  gave  the 
most  intense  violet  color.  In  fact,  the  depth  of  the  color  is 
so  great  that  the  writer  finds  it  very  valuable  as  an  aid  in 
detecting  the  presence  of  formaldehyde  in  milk  in  concentrations 
less  than  1:250,000.  It  is  well  known  that  Hehner's  test  fails 
to  reveal  the  presence  of  formaldehyde  in  milk  in  concentra- 
tions less  than  1:250,000.  But  we  are  continuing  researches 
on  changes  in  milk  containing  even  smaller  quantities  of  formal- 
dehyde, and  it  seemed  desirable  to  have  a  test  whereby  we  might 
be  able  to  detect  even  the  minutest  traces  of  this  preserv- 
ative in  milk. 

The  following  method  is  very  satisfactory.  Twenty  c.c.  of 
the  milk  containing  the  formaldehyde  are  distilled  from  a  50.0 
c.c.  side-neck  flask;  the  side-neck  has  a  small  condenser  around 
it  and  a  small  short  test-tube,  containing  o.oi  gram  of  globtdin 
and  0.25  c.c.  of  water,  is  placed  at  the  end  of  the  side-neck 
so  that  the  escaping  vapors  bubble  through  the  globulin  solu- 
tion. When  0.5  c.c.  of  liquid  is  collected  in  the  test-tube, 
some  of  the  stdphuric  acid  is  added  so  as  to  form  a  layer  tmder 
the  globulin  solution;  when  the  two  layers  are  slightly  mixed 
the  violet  zone  is  formed  at  once.  This  test  is  so  delicate  that 
20.0  c.c.  of  milk  containing  formaldehyde  in  the  concentration 
1:1,000,000  easily  yield  four  successive  fractions  that  give 
this  violet  color.  Milk  containing  formaldehyde  in  the  concen- 
tration 1:3,000,000  gives  one  fraction  that  shows  the  violet 
color  very  plainly.  By  fractional  distillations  the  formaldehyde 
in  almost  infinitesimally  dilute  solutions  cotdd  probably  be 
easily  detected. 

The  nattire  of  the  colored  compounds  is  not  at  once  apparent. 
It  is  probable  that  formaldehyde  enters  into  combination  with 
the  amide  groups  of  the  proteids,  and  that  these  reactions  are 
reversible. 

R,NH  +  CH,0  ^  R,NCH,OH« 

RNH,  +  CHaO^RN-CHa  +  H,0 

2  RNHa  +  CHaO  ^  (RNH),CH,  +  H,0 

»  Bailey  and  Acree,  Ber,  d.  deutsch,  chem.  Gesellsck.,  xxxiii,  p.  1520;  Ein- 
hom,  Ann.  d,  Chem.,  cccxliii,  p.  207 


148  Detection  of  Formaldehyde  in  Milk 

This  view  is  substantiated  by  the  following  facts.  The 
formaldehyde  must  react  with  the  proteid  before  the  sulphuric 
add  is  added,  or  no  color  results.  The  fact  that  the  formalde- 
hyde, even  in  extremely  small  quantities,  can  be  distilled  out 
of  the  milk  shows  that  the  reaction  is  reversible  and  that  the 
formaldehyde  and  proteid  are  in  only  very  loose  combination. 
Finally,  the  fact  that  the  addition  of  a  larger  amount  of  casein 
to  milk  containing  only  a  tr^ce  of  formaldehyde  causes  a 
deeper  color  by  Hehner*s  test  shows  that  the  proteid-aldehyde 
compoxmd  is  formed  in  larger  amount  by  the  presence  of  the 
larger  quantity  of  casein.  This  would  be  expected  if  the  reaction 
were  reversible  and  if  only  a  part  of  the  formaldehyde  is  in 
combination  with  the  proteid.  We  assimie  that  the  ferric  ^salt 
and  the  sulphuric  acid  act  upon  the  proteid-aldehyde  compotmds 
in  some  way,  unknown,  and  form  the  violet  colored  substances. 
The  work  will  be  continued. 


A  COLLOIDAL  COMPOUND  OF  STRYCHlim  AND  ITS 

PHARMACOLOGY.! 

By  ORVILLE  HARRY  BROWN.  M.D. 
{From  tk4  Department  of  Physiology  of  St,  Louis  University,) 

(Received  for  publication,  February  a6,  1906.) 

During  the  course  of  some  experiments  on  the  efiEects  of  salts, 
alkaloids,  etc.,  on  catalysis  and  enzymotic  action,  the  author 
in  conjtinction  with  Ndlson  used  organ  extracts  and  hydrogen 
peroxide  mixed  with  the  salts  or  alkaloids.  In  case  a  mixture 
of  these  three  substances  wasjallowed  to  stand  for  a  day  or  two, 
it  was  observed  that  a  precipitate  usually  resulted.  At -that 
time,  which  was  several  years  ago,  it  had  only  recently  been 
learned  that  a  fixation  of  toxins  by  specific  body  tissues  occurred, 
and  this  acted  as  an  impetus  to  a  revival  of  the  old  theory  that 
animal  tissues  are  capable  of  fixing  alkaloidal  poisons.  It 
occurred  to  the  author  that  it  might  be  possible  that  this  precipi- 
tate formed  by  the  alkaloid,  animal  tissue,  and  hydrogen  dioxide 
might  be  a  definite  chemical  compotmd  of  the  alkaloid  and  some 
constituent  of  the  protoplasm. 

Starting  with  a  knowledge  that  a  mixture  of  hydrogen  di- 
oxide and  extracts  of  pancreas  or  kidney  and  a  salt  or  alkaloid, 
produced  a  precipitate  on  standing,  the  idea  was  conceived 
of  substituting  for  the  organ  extract,  the  white  of  egg.  Three 
separate  solutions  were  made  as  follows: 


II 


III 


25  c.c.  albumin. 
25  c.c.  hydrogen 

dioxide. 
25  cc.  yj^  strychnin 

citrate. 


25  c.c  albumin. 
25  c.c.  water. 


25  c.c  water. 

25  c.c.  hydrogen  dioxide. 


25  c.c.  yj^  strychnin      25  c.c.  ^J^  strychnin 
citrate.  citrate. 


It  was  at  first  thought  that  the  results  were  to  be  entirely 

1  A  preliminary  report  of  this  investigation  was  made  to  the  American 
Physiological  Society,  December,  1905.     Amcr.  Journ.  of  Physiol. ,  xv,  p. 
22,  1906 
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negative,  as  nothing  noteworthy  happened  in  any  one  of  the 
solutions  during  the  first  few  days.  It  was  observed,  however, 
that  there  was  in  No.  I  a  slight  milky  appearance  which  did 
not  exist  in  Solution  No.  II.  This  gradually  increased  and 
became  more  perceptible.  At  the  end  of  a  month  or  six  weeks, 
the  reaction  seemed  to  be  complete;  at  least  no  further  change 
was  discernible.  At  this  time  the  solution  was  usually  of  a 
milky  grayish  color,  and  was  slightly  opalescent.  It  had  the 
consistence  of  a  slightly  fluid  jell.  In  some  cases  the  cylinder 
in  which  the  substance  was  contained  could  be  inverted  without 
causing  a  dislodgment  of  the  contents.  In  some  of  the  experi- 
ments a  quite  different  result  was  obtained,  but  this  was  seldom. 
In  an  occasional  one  a  white  flocculent  precipitate  resulted, 
instead  of  the  jell.  In  one  other  there  occurred  a  gelatinous 
precipitate  of  the  same  general  appearance  as  the  jell,  but  there 
was  a  clear  liquid  above  it.  Tests  showed  though  that  this  clear 
liquid  was  of  the  same  nature  as  the  precipitate.  When  yolk 
of  egg  was  substituted  for  the  white,  a  similar  change  occurred 
in  the  mixture. 

Solution  No.  II  does  not  undergo  a  change  in  any  way  analo- 
gous to  that  noticed  in  Solution  No.  I.  As  there  is  no  peroxide 
of  hydrogen  in  that  flask  there  ustially  restilts  a  bacterial  decom- 
position in  the  course  of  a  few  days.  Other  antiseptics  such  as 
dilute  hydrochloric  acid  and  thymol  have  been  substituted  for 
the  hydrogen  dioxide.  These  prevented  the  putrefaction  but 
in  no  case  did  the  same  change  occur  in  the  solutions  in  which 
these  antiseptics  were  used  as  when  the  dioxide  of  hydrogen 
was  used.  The  hydrochloric  acid  was  used  on  the  asstmiption 
that  the  acid  of  the  peroxide  might  be  responsible  for  the  pe- 
culiar change  observed.  It  was  thought  that  the  compotmd 
might  be  a  simple  acid  albuminate,  as  it  resembled  an  add 
albumin  somewhat.     But  such  was  found  not  to  be  the  case. 

The  chemical  tests  were  tried  upon  all  three  solutions.  The 
results  were  negative  except  on  No.  III.  But  this  was  to  be 
expected,  since  it  is  a  well-known  fact  that  organic  matter  in 
stomach  contents  must  be  removed  before  the  chemical  tests  for 
strychnin  are  obtained.  This  fact  tmdoubtedly  explains  the 
failure  of  Salant^  to  find  strychnin  in*  the  colon  of  rabbits. 

« Joum.  of  Med,  Res.,  xii,  p.  41,  1904. 


Orville  Harry  Brown  151 

The  phjrsiological  tests  were  then  made.  Two  c.c.  of  each  of  the  three 
mixtures  were  injected  into  the  lymph  spaces  of  different  frogs  of  approxi- 
mately the  same  size.  The  frogs  receiving  doses  from  Solutions  Nos.  II 
and  III  developed  tetanus  in  about  three  minutes,  and  died  in  the  course 
of  ten  to  fifteen  hours.  The  frogs  injected  with  Solution  No.  I  showed 
absolutely  no  effects  for  about  three  or  four  hours,*  at  which  time  they 
showed  the  early  strychnin  symptoms,  and  at  the  end  of  four  or  five 
hours  developed  the  typical  strychnin  tetanus.  Death  followed  at  the 
end  of  twenty  to  thirty  hours  or  recovery  took  place  gradually.  The 
chances  of  recovery  seemed  better  for  those  injected  with  Solution  No.  I 
than  either  II  or  III.  It  was  observed  in  case  of  Solution  No.  I  that  the 
older  the  mixture  was,  the  longer  was  the  time  reqtiired  after  injection 
for  it  to  produce  the  strychnin  effects. 

Sufficient  of  Solution  No.  I  to  contain  thirty  times  the  lethal  dose  of 
free  strychnin  was  then  given  to  a  rabbit  subcutaneously.  No  effect 
was  noticed,  except  that  on  the  following  day  it  seemed  that  the  animal 
had  some  of  the  early  symptoms  of  strychnin  poisoning.  But  the 
strychnin  tetanus  did  not  develop.  The  same  dose  per  kilo  of  body 
weight  was  then  given  to  a  rabbit  per  stomach.  The  rabbit  developed 
marked  strychnin  tetanus  in  about  three  hours,  and  died  in  three  hours 
and  fifteen  minutes  after  the  administration  of  the  substance. 

The  chemical  behavior  of  the  solution  toward  certain  reagents  was 
next  ascertained.  The  jell  is  freely  soluble  in  water,  making  a  slightly 
milky,  homogeneous,  colloidal  solution  with  a  trace  of  opalescence.  Heat- 
ing the  solution  causes  the  milkiness  and  opalescence  to  disappear,  and 
neither  returns  on  cooling.  Heat  does  not  coagulate  the  solution.  The 
reaction  to  phenolphthalein  is  not  alkaline;  to  litmus  it  is  very  faintly 
alkaline.  A  small  amount  of  any  concentrated  acid  causes  a  precipitate 
which  is  soluble  in  an  excess  of  the  acid.  Boric  and  other  weak  and 
slightly  soluble  acids  have  no  effect  upon  it.  The  xanthoproteic  reaction 
and  Millon's  test  were  obtained. 

The  following  list  of  salts  used  in  about  ^  or  m  concentrations  did  not 
cause  a  precipitate:  rubidium  chloride;  sodium  chloride,  bromide,  sul- 
phate, carbonate,  nitrate,  and  tartrate;  lithium  chloride;  potassium 
hydrate,  bromide,  sulphate,  cyanide,  and  f errocyanide ;  calcium  chloride 
and  nitrate ;  strontium  chloride ;  barium  chloride ;  and  magnesium  chloride 
and  sulphate.  The  following  salts  in  *«  concentrations  or  weaker  pro- 
duced a  precipitation  of  the  colloidal  solution:  cobalt  chloride,  nitrate 
and  sulphate ;  manganese  chloride;  copper  chloride,  sulphate,  and  acetate; 
nickel  chloride;  uranium  nitrate;  silver  nitrate;  lead  acetate;  cadmium 
nitrate  and  sulphate;  zinc  acetate;  ferric  chloride;  and  aluminium  sul- 
phate. Iodine  solution,  chloroform,  and  ether  do  not  precipitate  the 
solution,  but  alcohol  does. 

The  solutions  in  a  number  of  cases  from  which  the  precipitate  had  been 
separated  were  then  tested  for  strychnin  by  the  ordinary  chemical 
tests;  but  the  results  were  negative.  The  colloidal  mixture  was  digested 
with  papain  and  also  with  trypsin.     The  clear  filtrate  was  tested  for 
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strychnin  chemically,  and  the  results  were  negative.  This  may  have 
been  due  to  the  fact  that  some  organic  matter  still  remaining  in  the  solu- 
tion interfered  with  the  tests;  but  it  is  also  possible  that  the  albuminate 
was  not  completely  digested.  The  digested  material  was  then  injected 
in  the  usual  amounts  into  frogs.  Tetanus  developed  in  the  course  of 
fifteen  to  twenty  minutes,  and  the  frogs  died  in  the  course  of  eight  or  ten 
hours.  This  slight  retardation  of  the  onset  of  the  symptoms  over  that  of 
Solution  II  or  III  may  have  been  due  to  the  dilution  of  the  solution 
occasioned  on  the  addition  of  the  enzyme  solution.  Or  it  may  have  been 
due  to  the  strychnin's  still  remaining  in  an  easily  separable  form  in 
combination  with  a  portion  of  the  albumin  molecule. 

DISCUSSION    OF  THE    FIXATION  OF  STRYCHNIN   BY  ANIMAL  TISSUES. 

Widal  and  Nobecourt  ^  mixed  strychnin  with  the  pulp  of 
brain,  liver,  kidney,  etc.;  an  amount  of  the  mixture  containing 
a  fatal  dose  of  strychnin  was  injected  into  a  frog,  and  the  drug 
produced  no  efiEects.  These  workers  were  of  the  opinion  that 
some  chemical  reaction  had  occurred  between  the  alkaloid  and 
some  constituent  of  the  protoplasm.  These  results  were  corrob- 
orated by  Thoinot  and  Brouardel,^  who  further  showed  that 
various  other  materials  as  potato,  charcoal,  chalk,  etc.,  had  the 
same  effect  when  mixed  with  strychnin.  )  They  discovered  also 
by  chemicairteststhaf  the  filtrate  from  these  mixtures  contained 
no  strychnin.  Hatcher  3  found  that  a  much  larger  dose  of 
strychnin  could  be  borne  by  a  frog  if  the  strychnin  was  injected 
after  being  mixed  with  a  solution  of  acacia. 

The  interpretation  of  the  preceding  results  is  not  clear. 
Some  physical  or  chemical  factor  is  probably  the  basis  of  each. 
It  is  conceivable  that  the  absorption  of  the  drug  is  inhibited  by 
the  presence  of  the  organic  material;  or  that  its  liberation  from 
a  chemical  union  with  the  organic  substance  is  so  gradual  that 
its  maximum  effect  can  not  be  obtained.  The  rate  of  absorp- 
tion would  undoubtedly  also  be  slowed  as  a  result  of  the  organic 
material,  even  though  there  was  a  chemical  union  between  it 
and  the  strychnin.  The  dilution  of  a  solution  of  strychnin, 
as  shown  by  Meltzer,*  is  of  considerable  importance  as  regards 
the  toxicity  of  a  definite  quantity  of  the  drug.     An  amount  of 

1  La  semaine  m^dicale,  1898,  p.  93. 

2  Ibid.f  1898,  p.  140. 

'  Afner.  Joiirn.  of  Pharmacy,  Ixxiv,  p.  283,  1902. 
♦  Journ.  of  Exper,  Med.,  v,  190 1. 
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strychnin  which  is  fatal  if  injected  when  dissolved  in  a  small 
amount  of  water  produces  Uttle  or  no  effect  if  administered  when 
dissolved  in  a  large  quantity  of  water.  Another  factor  which 
is  of  importance  is  that  the  elimination  of  strychnin  begins  very 
soon  after  its  administration.  This  is  true  of  a  therapeutic 
dose,  as  has  been  shown  by  Adam,^  Kratter,^  Ipsen,^  and  others, 
and  would  probably  be  equally  true  with  a  toxic  dose.  It  has 
not  been  stated  by  any  of  the  previous  workers  on  this  subject 
whether  any  marked  retardation  of  the  onset  of  the  strychnin 
effe<tts  occurred  when  it  was  administered  in  these  organic 
mixtures. 

Von  Czyhlarz  and  Donath  *  devised  an  ingenious  method,  by 
which  they  obtained  results  which  seemed  to  them  to  support 
the  theory  of  the  fixation  of  strychnin  by  animal  tissues.  The 
experiment  consisted  of  Ugating  the  hind  leg  of  a  guinea- 
pig,  injecting  into  the  tissues  below  the  ligature  a  lethal  dose 
of  strychnin,  and  removing  the  ligattu-e  after  a  few  hotirs.  On 
the  re-establishment  of  the  circulation,  a  general  distribution 
of  the  poison  occurred.  The  characteristic  eflEects  of  the  strych- 
nin did  not  develop.  The  explanation  of  this  as  oflEered  by 
these  investigators  was  that  the  alkaloid  while  being  in  contact 
with  the  tissues  of  the  leg — ^muscle,  blood,  etc., — ^was  in  some 
way  neutralized  in  vivo.  The  nattiral  assumption  was  that  it 
was  fixed  by  some  constituent  of  the  cells  or  fluid  of  the  body  as 
is  the  case  with  bacterial  toxins. 

Meltzer  and  Langmann  ^  repeated  the  preceding  experiments 
upon  guinea-pigs  and  also  performed  the  same  experiment 
upon  frogs  and  rabbits — animals  which  are  more  susceptible  to 
the  action  of  strychnin  than  the  guinea-pig.  The  results  of 
their  experiments  were  positive  upon  the  guinea-pig,  but  were 
negative  upon  the  other  animals  with  which  they  worked.  It 
was  suggested  by  Meltzer  and  Langmann  that  the  experiments  on 
the  g\iinea-pigs  were  positive  because  of  an  impaired  absorption, 
as  a  result  of  the  inhibited  circtilation.     (Just  why  an  impaired 

«  Beitr.  s,  ger.  Chem.^  St.  Petersburg,  iii,  1872. 

>  Huseman's  Hamibuch  der  Toxicologie,  Berlin,  1862,  p.  51c. 

»  Wien,  med.  Wochenschr,,  1882,  p.  214. 

*  Ceniralbl.  f.  inn.  Med.,  1900,  No.  13. 

»  Journ.  of  Med.  Res.,  ix,  p.   19,  i  03. 
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absorption  exists  in  the  one  case  and  not  in  the  other  is  not 
explained.) 

Klein^  repeated  the  experiments  upon  guinea-pigs  and  fotind 
that  strychnin  appeared  in  the  urine  within  a  very  little  while 
after  its  administration  into  the  ligatured  leg.  Possibly  then  the 
proper  explanation  of  von  Czyhlarz  and  Donath's  results  was 
not  that  the  strychnin  was  fixed  by  the  tissues,  but  that  a 
general  and  gradual  elimination,  and  a  slow  absorption  decreased 
the  toxic  effects  of  a  dose.  Carrara  ^  repeated  the  experiments 
of  von  Czyhlarz  and  Donath  on  nephrectomized  instead  of 
normal  animals.  He  argued  that  the  greatest  source  of  elimina- 
tion was  in  this  way  excluded  so  that  the  slowness  of  absorption 
was  unimportant  and,  consequently,  that  the  positive  results 
which  he  obtained  supported  the  hypothesis  regarding  the  fixa- 
tion of  strychnin  by  the  tissues.  Ehrlich  ^  held  firmly  to  the 
view  that  alkaloids,  being  foreign  to  animal  organisms,  are  not 
capable  of  being  fixed  by  the  tissues;  and  he  asserted  only  a 
few  years  ago  that  there  is  no  adaptation  or  immunization  for 
strychnin.  But  now  an  antitoxin  has  been  produced.  H. 
Meyer*  injected  subcutaneously  into  a  rabbit  very  gradually 
large  amounts  of  strychnin.  He  obtained  the  blood  serum  of 
the  rabbit,  and  found  that  when  it  was  injected  with  fatal  doses 
of  strychnin,  the  strychnin  effects  were  prevented.  The  vari- 
ous tissues  of  the  immunized  animal  had  the  same  power  as 
the  blood  serum.  This  artificial  immunity  lasts  for  three  or 
four  or  more  days.  Just  how  much  bearing  these  experiments 
on  immunity  might  have  on  the  explanation  of  von  Czyhlarz 
and  Donath's  results  is  impossible  to  say.  But  it  is  quite  pos- 
sible that  the  guinea-pig  may  be  capable  of  producing  a  degree 
of  immunity  against  a  dose  of  strychnin  in  a  comparatively 
short  time. 

In  the  author's  experiments,  a  mechanical  inhibition  of  the 
absorption  of  the  alkaloid  by  the  albumin  can  scarcely  account 
for  the  late  appearance  of  the  strychnin  tetanus  in  Solution  No. 
1,  since  it  contained  the  same  amount  of  albtmiin  as  Solution 

«  Zeitschr,  f,  Hyg,,  xxxvi,  1900. 

2  Ceniralbl.  f,  inn.  Med.,  1901,  No.  20. 

*  Zeitschr,  f.  Heilk.,  Int.  Med.,  1901. 

«  BerL  klin.  Wochenschr,,  1905,  No.  38,  p.  1225. 
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No.  II.  The  dilution  is  in  no  way  accountable  as  the  concen- 
tration of  the  strychnin  in  each  of  the  solutions  was  the  same. 
The  author  is  incUned  to  believe  that  the  mixture  of  hydrogen 
dioxide,  albumin,  and  strychnin  in  some  way  chemically  fixes 
the  alkaloid;  this  paobably  is  accomplished  by  the  albtmiin.  Just 
what  part  the  dioxide  of  hydrogen  plays  is  impossible  to  say. 
The  experiments  so  far  indicate  that  even  though  it  may  not 
enter  into  the  compotind,  it  seems  to  be  essential  for  the  reaction, 
as  other  antiseptics  tried  do  not  produce  the  same  eflEects.  It  is 
probable  that  even  if  the  peroxide  enters  into  the  chemical  com- 
bination, not  a  very  large  amount  is  used,  as  considerable  free 
oxygen  is  liberated.  A  flask  containing  the  mixture  will  explode 
if  tightly  corked.  In  the  case  where  the  tissue  extracts  were 
used,  the  oxygen  was  set  free  very  rapidly,  and  the  precipitate 
or  jell  formed  in  a  comparatively  short  time.  But  in  the  case 
where  the  albtmiin  was  used,  the  oxygen  was  liberated  very 
slowly,  and  a  correspondingly  long  time  was  required  for  the 
completion  of  the  chemical  reaction.  It  seems  that  the  libera- 
tion of  the  oxygen  is  a  factor  upon  which  the  reaction  depends. 
This  suggests  the  possibility  that  the  strychnin  may  undergo 
oxidation.  But  even  if  this  is  so,  it  is  evidentlv  reduced  back 
to  its  normal  structure  when  taken  into  the  body,  for  the  typical 
strychnin  tetanus  never  fails  to  appear  after  a  few  hours  if 
the  dose  is  sufficient.  The  mixture  of  hydrogen  dioxide,  water 
and  strychnin  (No.  Ill)  produces  tetanus  just  as  quickly  as 
No.  II,  in  which  there  is  no  hydrogen  dioxide.  This  shows  that 
it  is  very  tmlikely  that  the  chemical  change  is  one  of  oxidation. 

Another  experiment,  which  will  be  taken  up  in  a  later  com- 
munication, adds  support  to  the  above  hypothesis  or  explanation. 
Adrenalin  chloride  when  mixed  with  hydrogen  dioxide  very 
rapidly  becomes  oxidized  and  takes  on  a  pinkish  coloration. 
But  if  albumin  is  first  mixed  with  the  adrenalin  chloride 
the  addition  of  the  hydrogen  dioxide  does  not  produce  any 
coloration. 

Further  support  of  the  idea  that  in  this  jell  there  is  a  definite 
albuminate  of  strychnin  are  the  experiments  in  which  the 
mixture  was  administered  to  rabbits  in  thirty  times  the  lethal 
dose  of  pure  strychnin  subcutaneously  and  by  the  stomach. 
In  the  former  case  where  the  absorption  and  the  digestion  of 
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the  compound  could  go  on  but  slowly,  practically  no  effects  of 
his  enormous  dose  were  obtained.  But  in  the  latter  instance, 
when  the  compound  was  introduced  into  the  stomach  where 
active  and  plentiful  amounts  of  proteid  enzymes  existed  and 
hence  where  both  digestion  and  absorption  could  take  place 
fairly  rapidly,  tetanus  was  developed  in  three  hours,  and  death 
rapidly  ensued. 

The  conditions  in  the  body  are  not  so  different  from  those 
in  the  test-tube  containing  albumin  and  hydrogen  dioxide, 
in  the  former,  active  oxidative  processes  are  occurring.  In 
the  latter,  an  active  condition  of  the  oxygen  exists.  If  a  chemi- 
cal combination  of  the  strychnin  really  occurs  in  the  test-tube, 
it  is  qtiite  reasonable  to  assume  that  the  same  may  occur  in  the 
body.  This  may  be  the  basis  of  immunity  for  strychnin.  The 
tissues  of  an  animal  which  is  immtme  to  strychnin  wotild  be 
capable  of  uniting  quite  rapidly  with  the  strychnin,  and  thus 
remove  it  from  its  free  state;  it  must  be  considered  on  this 
hypothesis  that  the  typical  strychnin  symptoms  result  only 
when  the  drug  is  in  a  free  state. 

SUMMARY    AND    CONCLUSIONS. 

1.  A  mixture  of  hydrogen  dioxide,  albumin,  and  strychnin 
will  tmdergo  in  the  course  of  about  six  weeks*  time,  a  change, — 
probably  a  chemical  change, — ^in  which  the  previously  thin, 
watery  fltiid  is  transformed  into  a  jell,  or  throws  down  a  white, 
flocculent  precipitate. 

2.  Neither  of  the  results  occurs  or  is  even  indicated,  if  water 
is  substituted  for  either  the  hydrogen  dioxide  or  albtimin. 

3.  Neither  does  the  jell  or  the  precipitate  form  if  other 
antiseptic  solutions,  as  hydrochloric  add  or  thymol,  are  sub- 
stituted for  the  hydrogen  peroxide. 

4.  If  adrenaUn  chloride  is  substituted  for  the  strychnin 
a  jell  is  formed  having  the  same  appearance  as  is  the  case  with 
strychnin. 

5.  The  fact  that  the  adrenalin  chloride  does  not  turn  a  pink* 
ish  color  in  the  mixture  with  albumin  and  hydrogen  dioxide  as 
it  does  when  mixed  with  hydrogen  dioxide  alone  is  significant 
that  a  chemical  combination  between  the  adrenalin  and  albtmun 
is  formed  in  the  presence  of  hydrogen  dioxide. 
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6.  It  seems  that  any  salt  or  alkaloid  and  probably  other 
chemical  substances  as  well  will  form  a  jell  or  precipitate  when 
mixed  with  albtimin  and  dioxide  of  hydrogen. 

7.  Yolk  of  egg  or  organ  extracts  may  be  substituted  for  the 
albumin  in  this  mixture  with  the  formation  of  a  similar  jell. 

8.  The  presence  of  organic  material  with  strychnin,  as  foxmd 
by  other  workers,  is  very  likely  to  mask  the  chemical  tests  for  it. 

9.  The  administration  of  an  amount  of  this  jell  which  con- 
tains many  times  a  lethal  dose  of  strychnin  produces  tetanus 
only  after  four  or  five  hours.  The  strychnin  mixed  with 
either  albumin  or  hydrogen  dioxide  alone  produces  its  effects 
in  three  to  five  minutes. 

10.  An  amoimt  of  this  jell  containing  thirty  times  a  lethal 
dose  of  pure  strychnin  may  be  given  a  rabbit  subcutaneously 
without  producing  toxic  effects. 

11.  The  same  dose  if  administered  per  stomach  produces 
death  in  a  little  over  three  hours. 

12.  For  the  reasons  stated  in  the  discussion  it  seems  fair  to 
conclude  that  the  strychnin  is  not  oxidized  by  the  hydrogen 
dioxide. 

13.  It  seems  also  that  the  conclusion  is  warranted  that  the 
strychnin  of  the  mixture  of  hydrogen  dioxide,  albumin,  and 
strychnin  is  in  some  way  chemically  fixed  by  the  albumin 
so  that  its  effects  are  not  obtained  when  introduced  into  the 
body  until  after  the  alkaloid  is  separated  from  the  albumin 
by  digestion. 


SOME   REMARKS  ON  THE   PROPOSITION   THAT  THUDI- 

CHUM'S  PHRENOSIN  AND   THIERFELDER'S 

CEREBRON  WERE  IDENTICAL. 

By  WILLIAM  J;  GIES. 

{From  the  Laboratory  of  Physiological  Chemistry  of  Columbia  University ^ 
at  the  College  of  Physicians  and  Surgeons,   New    York,) 

(Received  for  publication.  May  22,  1906.) 

In  a  recent  paper  from  this  laboratory  Posner  and  I  expressed 
the  conviction  that  protagon  was  a  mechanical  mixture  of  sev- 
eral substances  in  considerable  proportions.^  In  the  introduc- 
tion to  a  description  of  our  experiments  we  referred  to  some  of 
the  products  that  have  been  obtained  from  the  protagon  mixture 
and,  in  the  course  of  our  remarks,  we  incidentally  expressed  the 
opinion  that  Thierf elder's  cerebron,  Gamgee's  pseudocerebrin, 
Koch's  cerebrin,  and  certain  other  cerebrins  (see  page  165),  were 
identical  with  Thudichum's  phrenosin.  Shortly  after  the  publi- 
cation of  our  paper,  Thierfelder  ^  objected  to  such  a  characteri- 
zation of  cerebron. 

Although  this  diflEerence  of  opinion  regarding  the  identity  of 
phrenosin  and  cerebron  has  no  bearing  whatever  on  the  con- 
clusion that  was  expressed  by  us  r^arding  the  chemical  hetero- 
geneity of  protagon — a  conclusion  that  confirmed  a  previous 
observation  of  Thierfelder's, — I  desire  nevertheless  to  refer 
briefly  to  Thierfelder's  reasons  for  objecting  to  our  deduction 
that  phrenosin  and  cerebron  were  identical,  and  again  to  uige 
for  Thudichum's  work  in  neurochemistry  the  generously  fair  esti- 
mate I  believe  it  deserves. 

Thierfelder's  rejoinder  to  our  remarks  was  confined  in  the 
main  to  observations  on  the  elementary  composition  and  the  de- 
composition products  of  phrenosin  and  cerebron.  The  following 
statements  will  also  be  directed  to  the  same  phases  of  the  subject. 

ON  THE  ELEMENTARY  COMPOSITION  OP  PHRENOSIN  (CERBBRON). 

Among  pur  reasons  for  concluding  that  "phrenosin  and  cerebron 

>  Posner  and  Gies,  this  Journal,  i,  p.  59,  1905.  See  also,  Barbieri, 
Compt.  rend,  de  VAcad.  dessci.,  Paris,  cxl,  p.  155 1,  1905. 

'Thierfelder,  Zeitschr.  f.  .physioL  Chem.,  xlvi,  p.  518,  1905. 
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appear  to  have  been  identical"^  was  the  striking  similarity 
between  the  figures  representing  the  elementary  composition 
of  phrenosin  and  those  of  cerebron,  although  the  two  products 
were  separated  by  different  methods  and  the  analytic  results 
for  the  elementary  composition  of  each  were  obtained  indepen- 
dently at  periods  separated  by  about  20  years.^  Other  reasons 
for  the  same  conclusion  will  be  stated  later.  The  significance  of 
this  similarity  in  elementary  composition  was  emphasized  in 
our  minds  by  the  fact  that  it  is  difficult  satisfactorily  to  separate 
and  prepare  fatty  and  fat-like  .  bstances  individually,  in  uni- 
formly pure  condition,  from  tis.ae  extracts. 

Thierf elder  ^  opened  his  discussion  of  the  elementary  com- 
position of  phrenosin  with  the  fv,  lowing  remark: 

•*Im  Jahre  1874  wendet  Thudichum  die  Bezeichnung  Phrenosin  zum 
erstenmal  auf  eine  aus  dem  Gehim  isolierte  phosphorfreie  Substanz  an, 
welche  bei  der  Analyse  als  hOchsten  Kohlenstx>ffgehalt  66,6%  gab  tind 
for  die  er  verschiedene  Fonneln  C,,He,NOt,  Cj«H«|NO,,  Cj4H«»N0a, 
berechnet.  Sp&ter  (Journ.  f.  prakt.  Chem,,  N.  F.,  xxv,  S.  521, 1882)  erklart 
er  diesen  Korper  selbst  ftir  eine  Mischung  und  verwirft  die  Formeln." 
(Page  518.) 

With  r^ard  to  Thudichum's  original  remarks  about  phrenosin 
in  the  Reports  of  the  Medical  Officer  of  the  Privy  Council  and 
Local  Government  Board  (1874),  Thierf elder  stated  the  following 
in  a  foot  note  (3)  in  connection  with  the  above: 

"  '  Researches  on  the  Chemic.  Constitution  of  the  Brain.'  Ai>pendix 
Nr.  5  to  Reports  of  the  Medical  Officer  of  the  Privy  Council  and  Local 
Government  Board.  New  Series,  Nr.  III.  Dieses  Buch  konnte  ich  weder 
auf  der  Kgl.  noch  auf  der  Universit&tsbibliothek  in  Berlin  und  Gottingen 
erhalten.  Die  ohigen  Angaben  entnehme  ich  einer  Arbeit  von  E,  Drechsel 
(Joum.  f.  prakt.  Chem.,  N.  F.,  Bd.  XXV,  S.  190,  1882),  in  der  die  Unter- 
suchung  von  Thudichum  besprochen  wird,**  (Page  518.)  The  inaccuracy 
of  Drechsel's  comment  in  this  connection  is  referred  to  in  the  footnote 
on  page  163. 

I  regret  to  say  that  the  above  quoted  remarks  about  phreno- 

1  Posner  and  Gies,  loc,  cit.,  p.  no. 

*  This  similarity  in  composition  suggested  to  us  isomerism  also,  as  was 
intimated  in  the  following  remark  on  page  73:  "It  seems  singular  that 
Thierfelder  did  not  happen  to  discover,  at  the  same  time  and  on  the  same 
pages  of  Thudichimi's  book  (1901)  to  which  he  referred,  the  fact 
that  cerebron  was  either  identical  or  isomeric  with  phrenosin. " 

'Thierfelder,  loc.  cil. 


William  J.  Gies  i6i 

sin  are  not  completely  in  harmony  with  the  facts  to  which 
they  allude  and  are  therefore  misleading.  Unfortimately,  Drech- 
sel,  from  whom  Thierfelder  obtained  his  information  on  this 
phase  of  the  subject,  did  not  succeed  in  correctly  renewing  all 
of  Thudichum's  data  in  this  connection.^ 

>The  volume  containing  Thudichiun's  original  remarks  on  phrenosin 
(1^74)1  which  Thierfelder  states  he  was  miable  to  And,  may  be  obtained 
at  a  low  price  and  without  difficulty.  It  was  pnxrured  for  me  by  Stechert 
&  Co.,  of  New  Yoric,  a  long  time  ago  and  was  freely  consulted  by  us  in  our 
protagon  work  in  this  laboratorj'"*  Thudichum  frequently  insisted  that 
his  work  was  unfavorably  critici&jd  by  many  who  evidently  did  not 
take  the  trouble  to  read  his  papers.  Such  references  to  his  work  as 
those  made  by  Maly  (Jahresberichi^^ffr  Thier-Chemie,  v,  p.  204,  1875), 
Drecbsel  (referred  to  in  the  quotation  on  p.  160  from  Thierfekler*s  paper), 
and  Parens  (Joum.  /.  praki.  Ckem.,  xxiv,  p.  310,  i88i\  have  undoubtedly 
served  to  misinform  many  and  to  prevent  the  study  of  Thudichum's 
papers  that  his  work  assuredly  deserved.  On  the  other  hand,  efforts 
to  express  truth  without  bias  in  this  connection,  which  is  evidenced 
admirably  in  such  papers  as  those  by  Koch  {e.  g.,  Amer.  Joum.  of 
Physiol.,  xi,  p.  303.  1904),  will  do  much  to  enforce  the  justice  to  Thudi- 
chum in  this  connection  that  was  denied  him  before  his  death. 

I  fail  to  understand  how  students  of  neurochemistry  can  expect  to 
maintain  correct  perspective  in  their  work  without  making  themselves 
familiar  with  Thudichum*s  investigations.  His  contribution  of  1874,. 
which  Thierfelder  states  he  never  saw  and  which  never  was  reviewed 
adequately  in  German,  was  the  most  important  neurochemical  publica- 
tion up  to  that  time,  and  it  presents  a  view  of  brain  chemistry  which,  for 
comprehensiveness  of  range  and  seriousness  of  attention  to  the  work  in 
hand,  has  seemingly  not  been  surpassed  by  any  other  observer  in  a  similar 
investigation.     It  has  scarcely  ever  been  referred  to. 

In  his  introductory  remarks  "To  the  Lords  of  Her  Majesty's  most  Hon- 
orable Privy  Council,"  in  the  report  of  1874,  the  medical  officer,  John 
Simon,  conmiented  upon  Thudichum*s  work  as  follows: 

**I  need  hardly  observe  that  a  research  of  such  interest — an  endeavor 
so  to  unfold  the  very  complex  chemistry  of  the  normal  brain  as  to  make 
the  abnormal  processes  chemically  intelligible,  must,  as  regards  the  interest 
and  importance  of  its  object,  rank  highly  among  the  exact  studies  by 
which  physiology  hopes  to  give  light  to  medicine;  but  I  would  particularly 
note  that  while  certainly  it  is  among  the  most  interesting  and  important 
of  such  endeavors,  so  it  certainly  must  be  counted  among  the  most  dif- 
ficult; and  I  therefore  lefer  with  particular  satisfaction  to  the  very 
remarkable  evidences  of  success  which  Dr.  Thudichtun  is  already  aMe  to 
show. " 

About  a  year  ago,  I  gave  all  my  spare  time  for  several  months,  in 
connection  with  our  work  on  protagon.  to  a  critical  examinatioD  of  t  h 
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Analyses  of  two  comparatively  pure  preparations  of  "phreno- 
sin" were  reported  in  Thudicum*s  first  publication  (1874),  on 
pages  184  and  187,  as  follows,  of  which  that  from  ox-brain  was 
considered  the  purer: 


Human  Brain. 

Ox-brain, 

Percentage 

restdtsof 

analysis 

Calculated  no. 
of  atoms  in  the 

molecule 
C'+by  N-l") 

Empirical 
formula 
adopted 

Percentage 
results  of 
analysis 

Calculated  no. 
of  atoms  in  the 

molectde 
C'-i-by  N-1") 

Empirical 
formtda 
adopted 

C  66.1 
H  11.0 
N    2.2 
0  20.7 

35.1 

70.6 

1.0 

8.1 

C„H„NO, 

66.6 

11.2 

2.3 

19.9 

33.84 

68.29 

1.00 

7.62 

C„H.,NO. 

The  third  formula  mentioned  by  Thierfelder  and  given  by 
Thudichum,  p.  185  (C34H69NO8),  was  derived  by  calculation 
of  the  probable  phrenosin  content  of  some  mixed  products  that 
were  designated  in  each  case  *'cerebrin  and  phrenosin,''  The 
formula  C34H67NO8  was  the  one  that  Thudichum  derived  from 
his  analysis  of  what  he  called  ''purest  phrenosin.*'^  Conse- 
quently, instead  of  his  three  formulas  indicating  inaccuracy  or 
uncertainty,  they  reflected  the  then  prevalent  custom  of  putting 
analytic  results  for  individual  preparations  in  formular  arrange- 
ment. The  average  analytic  data  correspond  fairly  well  with 
the  one  formula  that  Thudichum  provisionally  assigned  in  1874 
to  phrenosin,  on  the  basis  of  his  results  with  the  ''purest'' 
phrenosin  prepared  up  to  that  time. 


extended  historical  review  appended  to  Thudichum' s  experimental  records 
in  the  report  of  1874  and  was  impressed  by  the  fact  that  Thudichum's 
compilation  was  remarkably  complete  and  free  from  error.  His  con- 
clusions indicated  that  he  had  mastered  the  entire  subject  and  had  carried 
into  his  work  a  liberal  view  and  a  broad-minded  purpose.  The  bitterness 
of  the  personal  allusions  which  marred  many  of  Thudichum's  subsequent 
publications  appears  to  have  been  engendered  by  the  imappreciative 
reception  and  tmfair  treatment  his  observations  were  accorded  by  some 
of  his  most  influential  colleagues.  It  sho;ild  not  be  permitted  to  blind 
us,  however,  to  the  merits  of  his  work  that  are  discernible  in  abtmdance 
among  his  mistakes. 

iThis  product  was  not  considered  by  Thudichum  to  be  entirely  free 
from  impurity. 
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That  Thudichum  did  not  r^ard  these  observations  as  final 
must  be  inferred  from  the  following  remarks  of  his  in  1874: 

"  It  is  thus  shown  that  different  htunan  brains  3rie]d  immediate  principles 
of  the  cerebrine  series,  which  apparently  greatly  differ  in  elementary  com- 
position, though  they  are  very  similar  in  chemical  reaction;  but,  by  a 
simple  hypothesis,  they  are  reducible  to  two  primary  forms,  mixed  in 
varying  proportions: 

" Monoamidated  form —  C,4H,,NOt-phrenosine. 
"Diamidated  form  —  C,4H»,NjO,-cerebrine.**  (Page  i86.) 

•*  While  then  there  may  be  some  degree  of  uncertainty  as  to  the  absolute 
purity  of  some  of  the  principles  evolved,  there  can  be  none  as  to  their 
striking  individuality;  and,  as  regards  this,  the  positive  evidence  of  their 
pectdiar  and  distinctive  qualities  is  so  strong  that  the  fact  of  their  not 
uniformly  answering  to  certain  other  criteria  is,  in  my  opinion,  quite 
insignificant.*'     (Page  203.) 

'*The  distinction  of  individuals  is  more  difficult  in  the  cerebrine  group, 
the  members  of  which  are  more  similar  to  each  other  in  the  properties  as 
yet  known.  Of  the  individuality  of  kerasine  there  can,  I  think,  be  no 
doubt;  at  least  if  strictly  uniform  crystallizability  be  of  any  value  as  a 
criterion.  3fofv  doubt  may  be  allowed  in  the  matter  of  phrenosine,  where 
these  doubts  have  led  me  to  a  great  number  of  experiments  to  establish 
the  purity  and  fix  the  sise  of  the  molecule.  As  regards  the  rest  of  the 
group  the  information  given  is  little  more  than  a  preliminary  pioneering 
account,  valid  as  far  as  it  goes,  but  not  in  any  particular  of  a  final  nature." 
(Page  203.) 

The  subsequent  revision  (1880)  that  Thudichum  made  of  his 
opinion  r^arding  the  molecular  character  of  phrenosin  (to  which 
revision  Thierfelder  makes  inaccurate  allusion)  was  fully  fore- 
shadowed by  the  doubts  frankly  expressed  in  1874.  It  seems 
to  me,  in  the  light  of  subsequent  events,  that  Thudichum's  orig- 
inal views  do  credit  to  his  judgment  in  estimating  correctly 
the  value  of  his  prdiminary  data.^  Thierfelder  himself  has  made 
a  similar  revision  of  his  figures  for  cerebron,  as  a  result  of 
further  analysis. 

iln  the  paper  by  Drechsel,  from  which  Thierfelder  has  drawn  his 
information  in  this  connection,  there  are  a  ntunber  of  sarcastic  references 
to  the  remarkable  qualities  of  phrenosin — a  substance  with  more  than 
one  formula  I  The  above  mentioned  considerations  among  others  seem 
to  have  been  ignored  by  Drechsel.  Drechsel's  derisive  remarks  were 
applied  also  to  kerasin.  The  observations  by  Kossel  and  Fre3rtag  {Zeit- 
schr.  /.  physioL  Chem.,  xvii,  pp.  439-445,  1893)  ^®^  ^^  effect  early 
confirmations  of  Thudichtun's  work  in  that  connection,  as  opposed  to 
Parcus's  opinions  relating  to  his  own  work  done  under  Drechsel's  direction. 
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The  two  quotations  (page  160)  from  Thierf elder's  remarks 
have  no  bearing,  therefore,  on  the  phrenosin  subsequently  de- 
scribed by  Thudichum  (in  1880  and  frequently  since)  and  to 
which  Posner  and  I  referred. 

A  few  years  after  the  publication  of  the  preliminary  observa- 
tions on  phrenosin  Thudichum  made  a  more  detailed  study  of 
it.^  He  recognized  the  fact  that  the  best  of  his  later  products 
contained  impurities  (kerasin,  or  phosphatid,  or  both),  which 
did  not  amount,  however,  to  more  than  i  per  cent.  The  aver- 
age data  of  his  determinations  of  percentage  elementary  com- 
position of  phrenosin  that  were  published  at  that  time  (1880  and 
since)  were  the  following: 

C  H  N 

67.957  11.426  1.997 

Prom  a  study  of  the  qualities  of  its  decomposition  products, 
and  with  due  r^ard  to  the  presence  of  recognized  impurity, 
Thudichum  finally  assigned  to  phrenosin  itself  the  formula 
C41H79NO8,  which  represented  the  following  hypothetical 
composition  (see  p^e  172): 

C  H  N  O 

69.00  11.08  1.96  17.96 

Thierfelder's  average  results  of  analysis  for  percentage  elemen- 
tary composition  of  cerebron,  as  revised  to  date,  are  the  foUow- 

ing^: 

C  H  N 

69.19  11.35  1.76 

In  harmony,  however,  with  the  course  pursued  by  Thudichum, 
Thierfelder  has  concluded,  with  the  help  of  his  results  on  the  de- 

>  Thudichum,  Reports  of  the  Medical  Offic-er  of  the  PHvy  Council  and 
Local  Government  Board,  pp.  143-206,  x88o;  also,  AnncUs  of  Chemical 
Medicine,  ii,  pp.  1-53,  x88x,  and  Journal  fur  praktische  Chemie,  xxv, 
pp.  19-28,  1882.  The  latter  paper  merely  summarizes  briefly  the  essential 
results  pertaining  to  phrenosin.  Numerous  reprints  appeared  subse- 
quently. The  latest  may  be  found  in  Thudichum's  last  volume.  Die 
Chemiseke  KonstiiuHon  des  Gekkns  des  Menschen  und  der  Tiere,  pp. 
178-9x4,  1901. 

sAs  given  in  his  latest  publication  on  the  subject  (loc.  cit.,  p.  530,  1905). 
The  eariier  figures  were  C,  69 .  x6;  H,  xx . 54;  N,  x .  76.  Nitrogen  was  not 
determined  in  the  later  preparations,  otherwise  its  figures  might  have 
taqoired  revision  also. 
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coinposition  products  of  cerebron,  that  the  formula  for  cerebron  is 
C48H93NO9,  which  formula  corresponds  to  the  following  hypo- 
theiical  composition,  as  calculated  by  Thierf elder: 

C  H  N  O 

69.65  11.24  1.70  17.41 

The  harmony  between  the  analytic  results  and  the  calculated 
data,  for  cerebron,  is  closer  than  that  between  the  similar  figures 
for  phrenosin,  but  the  agreement  is  not  perfect.  The  disagree- 
ment is  sufficient  to  justify  the  conclusion  that  the  cerebron 
preparations,  like  those  of  phrenosin,  contained  small  propor- 
tions of  impurities,  or  else,  as  was  also  the  case  with  Thudichum's 
phrenosin,  the  analytic  results  were  not  perfect.  Can  not  both 
be  said  of  all  analyzed  samples  of  every  substance?  Can  any 
analysis  jdeld  perfect  results?  Until  ideal  conditions  of  prep- 
aration and  analysis  are  attainable  it  is  obvious  that  formulas 
can  represent  at  best  only  very  probable  truth  as  deduced  from 
somewhat  imperfect  data.  In  his  observations  on  the  slight 
amount  of  impurity  in  Thudichum's  product,  Thierfelder  seems 
to  ignore  these  obvious  facts.  He  also  seems  to  be  oblivious 
to  their  bearing  on  his  own.      (See  page  179  of  this  paper.) 

In  otu"  paper,  Posner  and  I   presented  the   following  table 

(P-  74): 

C  H  N  O 

Thudichum's  phrenosin  ( 1874 »)   69.00  11.08  1.96  17.96 

Gamgee's  pseudocerebrin  (1880) 68.89  11.87  1.83  17.41 

WftmerandThierfelder'scerebron(1900)  69.16  11.54  1.76  17.54 

Parcus's  cerebrin  (1881) 69.08  11.47  2.13  17.32 

Kossel  and  Freytags  cerebrin  (1893) . .  68 . 99  1 1 . 52  2  25  17 . 24 

Koch's  cerebrin  (1902) 68.73  11.83  1.64  17.80 

Thierfelder  asserts  that  this  table  will  awaken  misconceptions 
of  the  facts  to  which  it  relates.  He  objects  to  our  comparison 
of  his  analytic  averages  for  the  elementary  composition  of 
cerebron,  with  similar  data  corresponding  to  the  formula  that  was 
calculated  by  Thudichum  for  phrenosin.  Thierfelder  suggests 
that  we  should  have  given,  instead  of  the  figures  corresponding  to 
what  Thudichum  regarded  as  ideally  .pure  phrenosin,  the  related 
figures  that  Thudichum  obtained  for  what  he  clearly  recognized 

»The  numerals  in  parenthesis  represent  the  year  in  which  each  substance 
was  first  described. 
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as  slightly  impure  phrenosin.  The  two  sets  of  figures  are  brought 
together  below,  to  which  are  also  appended  for  easy  com- 
parison the  similar  data  for  cerebron: 

Phrenosin  C  H  N        O 

Thudichiim*s  average  percentage  analytic  data 

for  elementary  composition 67 .  96  11 .  43     1 .  99      — 

Thudichtun's  calculated  percentage  data  corre- 
sponding to  his  form;ila,C4,H„  NO, 69.00  11.08     1.96  17.96 

Cerebron 

Thierfelder's  average  percentage  analytic  data 

for  elementary  composition 69 .  19   1 1 .  35     1 .  76      — 

Thierfelder's  calculated  percentage  data  corre- 
sponding to  his  formula.  C4tH„  NO, 69.65  11.24     1.70  17.41 

The  difiEerences  in  this  connection,  to  which  Thierfelder,  in 
his  reply  to  otir  observations,  attaches  so  much  importance, 
are  suggestive  of  the  difiEerence  between  tweedledum  and  twee- 
dledee.  This  is  particularly  true  on  accotmt  of  the  very  great  dif- 
ficulties connected  with  accurate  determinations  of  carbon  and 
hydrogen  in  lipoid  products,  in  which  the  proportionate  contents 
of  these  elements  are  relatively  large,  and  because  different  meth- 
ods of  analysis  were  employed;  especially,  also,  in  view  of  the 
differences  between  Thierfelder's  own  sets  of  figures,  although 
Thierfelder  attributes  no  significance  to  them.  We  deliberately 
gave  the  preference  in  otir  table  to  the  figures  which  the  author 
himself  (Thudichum)  considered  the  most  accurate  expression 
of  the  truth  as  he  conceived  it.^  The  same  figures  are  generally 
given  for  phrenosin,  so  that  we  have  done  nothing  unusual. 
See  Koch's^  tabulation,  for  example. 

It  is  noticeable  that  Thierfelder  does  not  object,  however,  to 
our  inclusion  (in  the  same  table)  of  Gamgee's  figures  for  pseudo- 
cerebrin,  evidently  because  Thierfelder  himself  previously  stated 
that  pseudocerebrin  and  cerebron  were  identical — ^and  that,  too, 
regardless  of  the  fact  that  Gamgee's  analytic  results  for  elemen- 
tary composition  of  pseudocerebrin  vary  from  Thierfelder's  for 
cerebron  almost  as  much  as  do  Thudichum's  for  phrenosin,  and 

>  By  an  oversight  we  failed  to  do  the  same  for  Thierfelder,  but  in  the 
case  of  cerebron,  also,  the  difference  between  the  two  sets  of  values  is  of 
no  practical  importance,  as  the  figures  above  indicate. 

« Koch,  Amer.  Joum,  of  Physiol.,  xi,  p.  310,  1904. 
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despite  the  further  fact  that  the  formula  calculated  by  Gamgee 
for  pseudocerebrin  was  C44H92NO8,  whereas  the  formula 
Thierf elder  assigned  to  cerebron  was  C48H93NO9.  Why  then  the 
acceptance  by  Thierfelder  of  one  set  of  data  as  equivalent  to 
his  own  and  not  the  other? 

The  only  apparent  reason  for  Thierfelder's  entire  acceptance 
of  Gamgee's  results  as  fully  indicative  of  the  identity  of  pseudo- 
cerebrin with  cerebron,  in  spite  of  the  differences  sdluded  to,  is 
given  in  the  following  quotation  from  his  paper  two  stmmiers 
ago,  in  which  acknowledgment  was  made  of  Gamgee's  suggestion 
that  the  two  were  the  same  {Zeiischr,  f,  physioL  Chem,,  xliii, 
p.   22,  1904): 

"Herr  Gamgee  fugte  hinzu,  dass  er  bei  der  Durchsicht  seines  Labora- 
toriuznjounials  2«eichniingen  des  mikroskopischen  Bildes  des  Pseudo- 
cerebrins,  welche  mit  den  von  tins  verO£fentlichten  vOllig  ubereinstimmen, 
gefunden  habe,  und  femer  unter  dem  11.  Juli  T879  ^^^  Eintragung,  dass 
das  Pseudocerebrin  beim  Erhitzen  in  der  Kapillare  bei  197®  sich  leicht 
orange  f&rbt  tind  bei  210^  schmilzt. 

"Wir  hatten  fur  das  Cerebron  im  Mittel  69,16%  C;  11,54%  H;  und 
2,76%  N  gefunden  (see  table  p.  165)  und  den  Schmelzpunkt  bei  langsamem 
Erhitzen  bei  209^,  bei  schnellem  Erhitzen  bei  212^. 

"Damach  kann  es  nicht  zweifelhaft  sein,  dass  Pseudocerebrin  und 
Cerebron  identische  KOrper  sind  tind  dass  die  Priorit&t  der  Entdeckung 
A.  Gamgee  zukommt." 

Although  I  agree  perfectly  with  Thierfelder  in  his  view  that 
pseudocerebrin  and  cerebron  were  practically  the  same,  it  seems 
to  me  that  their  agreement  in  crystalline  appearance  and  melting 
point  does  not  offer  as  much  assurance  of  the  identity  of  cerebron 
with  Gamgee's  product  as  the  many  points  of  agreement  between 
the  physical  and  chemical  properties  of  phrenosin  and  cerebron 
are  in  favor  of  its  identity  with  Thudichum*s.  Thudichum  does 
not  appear  to  have  made  any  observations  on  the  melting  point 
of  phrenosin.  Gamgee  did  not  report  a  ^study  of  the  cleavage 
products  of  pseudocerebrin. 

The  surprising  thing  about  Thierfelder's  ready  acceptance  of 
Gamgee's  suggestion  that  pseudocerebrin  and  cerebron  were 
identical,  in  view  of  Thierf  elder' s  emphasis  upon  the  presence  of 
slight  proportions  of  impurities  in  Thudichum' s  product  aftd  the 
consequent  rejection  of  phrenosin  as  equivalent  to  cerebron,'^  is  the 

>  See  page  1 66  of  this  paper. 


1 68  Phrenosin  and  Cerebron 

fact  that  Thierfelder  completely  ignored  some  of  the  following 
very  definite  statements  made  by  Gamgee  about  pseudocerebrin,^ 
although  the  sentence  below  in  italics  was  among  those  quoted 
by  Thierfelder  himself  in  his  second  communication  on  cerebron  ^ 
as  a  part  of  the  statement  there  made  to  show  that  pseudocerehrin 
and  cerebron  were  completely  and  perfectly  the  same: 

*'  In  addition  to  protagon  and  other  phosphorized  matters,  there  is 
always  extracted  from  brain  by  alcohol  at  45°  C.  a  very  considerable 
quantity  of  a  body  which,  in  order  to  distinguish  it,  the  author  provision- 
ally termed  pseudo-cerebrin.  This  body  is  less  soluble  in  80  per  cent, 
alcohol  at  45°  C.  than  protagon,  so  that  on  subjecting  impure  protagon 
to  repeated  crystallization  from  80  per  cent,  alcohol  there  accumulated 
residues  consisting  of  the  cerebrin-like  body.  The  latter  is  a  white,  pul- 
verulent body,  very  tmlike  protagon  to  the  naked  eye  and  separating 
tinder  the  microscope  in  the  form  of  very  large  nodular  masses.  After 
repeated  recrystallization  from  alcohol  it  was  found  to  be  practically  free  from 
phosphorus  {containing  only  0.08  per  cent.)  *  .  .  .  Whilst  the  author 
would  refrain  from  speaking  with  confidence  of  the  absolute  purity 
of  *  pseudo-cerebrin,'  he  has,  ho\«ever,  no  hesitation  in  asserting  that 
Geoghegan's  substance,  froip  the  method  of  preparation,  is  necessarily  a 
mixture  of  the  so-called  pseudo-cerebrin  just  referred  to  with  a  *cerebrin' 
obtained  by  the  action  of  barium  hydrate  on  protagon — and  therefore 
much  more  impure  than  the  body  now  provisionally  described  by  the  term 
of  pseudo-cerebrin. 

"Analyses  of  'pseudo-cerebrin'  found  by  the  author  to  accompany 

protagon: 

(1)  (2)  (3)  (4)  Mean. 

C 68.97  68.95  69.01  68.67  68.89 

H 11.70  11.17  11.60  12.10  11.87 

N 1.76         1.95         1.64         2.01  1.83 

O 17.41 


100.00 
"  From  the  above  analyses  the  author  deduces  for  *  pseudo-cerebrin ' 
the  empirical  formula  C44H92NOt. " 

Gamgee  published  no  further  observations  on  pseudocerehrin 

that  I  am  aware  of,  except  those  conmitmicated  to  Thierfelder  and 

quoted  on  page  167.       It  is   obvious  that  the  pseudocerehrin 

described  by  Gamgee  was   quite   as  impure-  as    Thudichtun's 

phrenosin, 

>  Gamgee,  A  Text-Book  of  the  Physiological  Chemistry  of  the  Anitnal  Body* 
i,  p.  441,  1880. 

2  Thierfelder,  Zeitschr.  f.  physiol.  Chem.,   xliii,  p.  21,  1904. 
^  See  Thudichum's  quoted  remarks  on  page  174  of  this  paper. 
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and  no  more  individualistic  chemically.    Yet  Thierfelder  denied 
the  equivalence  of  phrenosin  and  cerebron  because  phrenosin 
contained  a  trace  of  impurity  but  accepted  pseudocerebrin  as 
identical  with  cerebron  in  spite  of  a  similar  content  of  impurity. 
Thierfelder  based  his  acceptance  of  pseudocerebrin  as  a  perfect 
equivalent  of  cerebron  on  a  number  of  points  of  resemblance, 
^rhich,  as  I  stated  before,  do  not  appear  to  be  as  important  as 
more  significant  resemblances  between  phrenosin  and  cerebron, 
which  Thierfelder  ignored.     Thus,  he  emphasized  sameness  of 
crystalline  character,  yet  Gamgee  said  pseudocerebrin  separated 
"in  the  form  of  very  large  ttodular  masses,"  i.  e.,  as  seen  under 
the  microscope.     Does  the  formation  of  iwdiilar  masses  amount 
to  much  in  this  connection  as  an  assurance  of  chemical  same- 
ness?    Do  not  many  dissimilar  substances   form  such  masses 
under  similar  conditions  ? 

Thierfelder  does  not  explain,  in  his  rejoinder  to  our  remarks, 
ho"w  it  happens  that  Gamgee*s  avowedly  impure  pseudocerebrin 
and  his  own  pure  ^  cerebron  had  the  same  melting  point.  Do 
the  statements  by  Gamgee  (page  168),  show  that  agreement  in 
melting  point  is  always  a  satisfactory  sign  of  perfect  chemical 
saxneness,  as  Thierfelder  would  seem  to  have  us  infer  is  the  case? 
See,  in  this  connection,  the  foot  note  on  page  173  of  this  paper. 

Thierfelder  made  the  following  remark  about  Thudichum's 
results  for  phrenosin: 

••Die  Einheitlichkeit  des  Phrenosins  ist  durch  diese  Analysen  um  so 
-weniger  bewiesen,  als  sie  sich  offenbar  alle  auf  ein  und  dasselbe  Praparat 
beziehen."     (Page  519.) 

But  the  same  remark  applies,  apparently,  to  Gamgee's  results, 
also.    Why  should  the  line  be  drawn  at  Thudichum's  ?     (See  page 

170). 

Thierfelder  gave  the  table  of  analytic  results  for  phrenosin, 
presumably  to  emphasize  the  variations  in  Thudichum's  data. 
But  it  happens  that  Thudichum's  results  vary  among  themselves 
very  little  if  any  more  than  the  foregoing  results  of  Gamgee's 
that  appear  to  be  entirely  satisfactory  to  Thierfelder.  The  table 
on  the  next  page  shows  the  point  just  mentioned,  and  also  gives 
comparative  data  from  Thierfelder' s  own  records  for  cerebron: 

>  I  say  "pure"  because  Thierfelder  has  not  recognized  any  impurity. 
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Thudichum'n  analytic  data 
for  phrenosin  ouoted  disap- 
provingly bvThierfelder 

Gamgee's  analytic  data  for 
pseudocerebrin  quoted  a;>- 
provingly    by 'Hiierfelder 

Thierfelder's  analytic  data 

for  cerebron  published  by 

Wdmer  and  Thierfelder» 

(1900). 

Lowest 

Highest 

68.56 

11.62 

2.34 

Maximum 
difference 

Lowest 

Highest 

Maximum 
difference 

Lowest 

Highest 

Maximum 
difference 

C  67.67 
H  11.23 
N     1.69 

0.89 
0.39 
0.66 

68.67 

11.17 

1.64 

69.01 

12.10 

2.01 

0.34 
0.93 
0.37 

68.75 

11.13 

1.58 

69.46 

11.82 

1  96 

0.71 
0.69 
0.38 

I  think  I  may  be  pardoned  for  raising  an  inquiry  at  this  point 
as  to  just  what  it  was,  in  Thierfelder's  understanding  of  the 
matter,  that  Gamgee  named,  and  referred  to  as,  pseudocerebrin. 
Does  Thierf elder  accept,  as  pseudocerebrin,  the  impure  product, 
with  Gamgee's  very  precise  statement  before  him  r^arding  the 
percentage  proportion  of  phosphorus  in  it  and  the  implied 
content  of  phosphatid  (as  in  the  case  of  Thudichum's  phrenosin 
products),  or  does  Thierf  elder  mean  to  have  us  infer  that  in  his 
estimation  pseudocerebrin  was  not  the  prodtict  itself  that  was 
subjected  to  analysis,  but  the  hypothetical  substance  with  which 
the  impurity  was  associated  and  which  Gamgee  recognized  in  his 
product  in  spite  of  that  evident  admixture  of  imptuity  ?  The  first 
alternative  is  not  the  one  that  Thierfelder  appears  to  have  had 
in  mind  when  the  remarks  of  Gamgee  that  are  repeated  above 

» Almost  all  of  Thierfelder's  data  were  individual  results  for  eight 
different  preparations,  but  even  in  spite  of  that  fact,  he  will  hardly  object 
to  an  application  to  his  figiwes,  obtained  by  the  latest  and  best  methods, 
of  standards  of  estimation  he  has  himself  applied  to  Thudichum's.  Thier- 
felder does  not  recognize  more  than  one  kind  of  cerebron.  Consequently, 
if  his  products  were  perfectly  pure,  as  he  seems  to  take  for  granted  they 
were,  how  does  he  explain  the  variations  in  his  analytic  results?  If  his 
products  were  perfectly  pure  what  does  the  fact  that  the  results  were 
obtained  from  "eight  different  preparations"  have  to  do  with  the  matter? 
His  latest  results  vary  within  the  extremes  given  above.  If,  however, 
the  variations  in  his  figxires  were  due  merely  to  tmavoidable  errors  of 
analysis,  how  can  Thierfelder  be  any  more  certain,  on  the  basis  of  such 
defective  results,  of  the  molecular  characters  of  cerebron,  than  Thudichum 
was  of  those  of  phrenosin  on  a  similar  basis,  the  sufficiency  of  which 
in  Thudichvun's  case,  however,  Thierfelder  denies?  I  am  merely  suggest- 
ing here  that  Thierfelder's  criticism  of  Thudichum's  results  should  be 
applied  to  his  own  also.  I  have  already  made  it  clear  that  I  consider 
Thierfelder's  criticisms  as  inept  when  applied  to  Thudichimi's  results 
as  they  would  be  if  applied  to  Thierfelder's. 
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were  quoted  by  him.  But,  if  Thierfelder  took  the  second 
alternative  and,  in  so  doing,  granted  to  Gamgee  (as  every  one 
would,  of  course,)  the  ordinary  chemical  insight  necessary  for 
him  to  make  his  conclusion  a  reliable  one  (and  thereby  accepted 
Gaxngee's  results  of  deduction  from  imperfect  chemical  data 
instead  of  holding  him  rigidly  to  his  direct  analytic  results), 
how^  can  Thierfelder  object  to  granting  that  others  may  make 
equally  satisfactory  inferences  under  similar  conditions  in  other 
connections?  Has  not  Thierfelder  himself  come  to  the  con- 
clusioa  that  cerebron  is  a  substance  with  a  composition  different 
from  that  defined  by  the  results  of  his  analysis  of  it?  What 
remains,  therefore,  of  Thierfelder's  objection  that  phrenosin  and 
cerebron  could  not  have  been  identical  because  of  the  slight 
amcnint  of  impurity  in  his  phrenosin  products  that  Thudichum 
recognized  as  frankly,  and  apparently  estimated  as  accurately, 
as  Gamgee  did  the  impiuity  in  the  product  composed  almost 
wholly  of  the  hypothetical  pseudocerebrin?  Has  any  cerebron 
product  been  perfectly,  ideally  pure?  Could  cerebron  be  thus 
obtained  by  any  one?  It  is  quite  likely  that  if  Thudichum 
and  Gamgee  had  made  their  determinations  of  elementary 
composition  under  the  favorable  circumstances  that  conditioned 
Thierfelder's  work,  the  three  sets  of  figures  would  be  in  even 
more  perfect  accord  than  they  are. 

ON    THE    DECOMPOSITION    PRODUCTS    OP    PHRENOSIN  (cEREBRON)  . 

The  leading  cleavage  products  of  phrenosin  were  originally 
stated  to  be  cerebrose,  sphingosin,  and  neurostearic  acid.  Cere- 
brose  was  subsequently  found  to  be  identical  with  galactose.^ 
Cerebron  yields  the  same  cleavage  products,  an  observation  that 
points  to  the  main  evidence  of  the  chemical  identity  of  phren- 
osin and  cerebron.  Similar  facts  pertaining  to  pseudocerebrin 
are   lacking. 

>In  his  latest  volume  (1901,  p.  313)  Thudichum  offers  the  following 
definitions: 

** Cerebrose,  erster  Name  fur  den  aus  Phrenosin  durch  Chemolyse 
erhaltenen  Zucker,  C«H|,0«,  Galactose,  als  Cerebro-Galactose  zu  kenn- 
seichnen.    Krystallisierte  imd  amorphe  Form. 

*' Cerebrosidet  Name  fur  die  Cerebro-Galactoside,  deren  Typus  durch 
Phrenosin  vorgestellt  wird.  Reihe  von  neutralen  Edukten  aus  Him,  die 
neben  dem  Zucker  eine  Fettsaure  und  einstickstoffhaltigesRadikalbergen." 
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In  a  footnote  on  page  74  of  our  paper  ^  the  following  statement 
appears: 

"Thierfelder  indicated  the  quantitative  relationships  of  the  radicals 
in  cerebron  (phrenosin)  with  the  following  equation  (1905,  p.  370): 

C4,H„N0,    4-     aH,0     -     Ca,H.oO,     +     Ct,H„NO,     +     C*H|,0, 
Cerebron  Cerebronic  Sphingosin  Galactose 

(phrenosin)  acid 

(neurostearic 

acid) 

"  On  page  209  of  the  publication  of  Thudichum's  ( 1 901)  to  which  Thier- 

felder  referred,  the  same  facts  are  shown  by  the  following  equation, 

which  also  appeared  in  variotis  publications  of  Thudichum's  more  than 

twenty  years  ago: 

C4,H,,N0,     +    2H,0    -   C,.H,.0,    +   C,,H,,NO,    4-     C.H„0. 

Phrenosin  Neuro-  Sphingosin  Galactose 

(cerebron)  stearic  acid 

(cerebronic  acid) 
The  trivial  differences  between  the  figures  for  elementary  composition  of 
phrenosin  and  cerebron  accoimt  for  the  seemingly  great  differences  be- 
tween the  formulas  of  the  original  substance  that  are  given  above.  That 
Thierfelder's  results  were  more  nearly  correct  may  be  taken  for  granted. 
That  the  substances  were  the  same  seems  evident." 

The  last  three  sentences  in  the  above  quotation  make  evident 

our  conviction  that  neurostearic  add  and  cerebronic  acid  were 

essentially  the  same,  in  spite  of  the  decided  differences  between 

the  formtilas.    That  the  two  products  were  practically  identical 

seems  to  be  indicated  by  the  following  figtires,  which  represent 

the  average  percent^e  results  of  direct  elementary  analysis:^ 

C  H 

Neurostearic  add 75.94  12.64 

Cerebronic  acid 75.33  12.50 

1  Posner  and  Gies,  loc,  cit, 

>  Disregarding  the  slight  proportions  of  impurities  in  each,  Thudichum's 
phrenosin  and  Kossel  and  Preytag's  cerebrin  seem  to  have  been  identical 
products,  as  is  indicated  in  the  table  on  page  165.  Kossel  and  Prey- 
tag  found  that  on  oxidation  with  nitric  acid,  phrenosin  (cerebrin) 
yielded  68  per  cent.  (68.ia%,  68.38%,  67.67%)  of  stearic  acid.  They 
ccnnmented  on  their  acid  product  as  follows.  {Zeiischr,  f,  physiol. 
Ckgm,,  xvii,p.  449,  1893): 

"Die  Schmelzptmkte  der  erhaltenen  Petts&uren  lagen  alle  zwischen 
jo9  und  72,5^.  Die  geringe  £rh5hung  des  Schmelspunktes  ist  wahr- 
•cheinlich  darauf  surQcksufiyiren,  dass  dieselben  eine  geringe  Menge 
unsersetztes  Cerebrin  einschlossen.    Durch  fractionirte  Krystallisation 
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These  figures,  which  were  obtained  by  two  observers  indepen- 
dently  at  periods  separated  by  about  twenty-five  years,  are  in 
remarkably  close  agreement.  It  was  this  observation  which 
stimulated  our  investigation  of  the  phrenosin-cerebron  matter. 
It  was  Thierfelder's  failure  to  refer  to  this  agreement  that 
occasioned  some  of  the  remarks  in  our  former  paper  to  which 
Thierfelder  has  objected.^  It  seems  to  me  that  this  striking 
agreement  deserved  some  notice  to  say  the  least. 

iRTurden  drei  Proben  dargestellt.  Die  beiden  ersten  Fractionen  begannen 
bei  69**  zu  schmelzen  und  waren  bei  70,5®  v6llig  fliissig,  die  dritte  Fraction 
begann  bei  75°  zu  schmelzen  und  war  erst  bei  78®  ganz  geschmolzen.  Dcm- 
nach  sind  die  erhaltenen  Procentzahlen  fur  die  Stearinsaure  um  ein  Gering- 
es  zu  hoch.  Dass  in  der  untersuchten  Saure  wirklich  Stearinsaure  vorlag, 
^n±rde  noch  durch  die  Ueberfuhrung  in  das  Barytsalz  und  Analyse 
desselben  nachgewiesen.  Dasselbe  enthielt  i9,23%Ba;  stearinsaurer  Baryt 
verlangt  i9,48%Ba,  palmitins&urer  Baryt  2i,i7%Ba." 

Thudichum  assumed  that  neurostearic  acid  (which  he  obtained  by 
oxidation  with  nitric  acid  and  also  by  decomposition  at  130®  with  2% 
sulfuric  acid)  was  an  isomer  of  ordinary  stearic  acid.  He  recognized  the 
probable  presence  of  slight  proportions  of  impurities. 

Thudichum' s  neurostearic  acid  (crystallized  from  ether)  melted  at 
about  84^  C,  Kossel  and  Freytag's  stearic  acid  (after  filtering  from 
nitric  acid,  washing  with  water  and  drying)  at  about  71**  C  and  Thier- 
felder's cerebronic  acid  (crystallized  from  alcohol)  at  about  99°  C. 
Thudichum  found,  however,  that  the  curdy  mass  that  was  precipitated 
from  a  solution  of  a  soluble  salt  of  neurostearic  acid  by  mineral  acid  did 
not  melt  at  95°  C.  The  acid  softened  but  did  not  become  oily  when 
floated  on  boiling  water.  The  effect  of  a  higher  temperature  in  this 
connection  was  not  mentioned. 

Thierfelder  appears  to  lay  great  stress  on  the  difference  between  the 
melting  points  given  by  him  and  Thudichum  for  cerebronic  acid  ^99®  C) 
and  neurostearic  acid  (84**  C).  Thudichum's  observation  on  the  acid- 
precipitated  product  is  not  taken  into  account  by  Thierfelder.  The  great 
difficulties  in  the  way  of  accurate  determination  of  the  melting  points 
of  fatty  products  should  not  be  ignored  in  this  connection.  The  following 
quotation  from  Thierfelder's  last  revision  of  Hoppe-Seyler's  Handbuck 
der  Physiologisch-  und  Pathologisch-Chemischen  Analysen,  p.  86,  1903, 
expresses  forcibly  the  universal  experience  in  this  connection  with  fatty 
and  fat-like  substances; 

"Der  eigentliche  Schmelzpunkt  (Stearin)  ist  71,5°.  Es  ist  aus  thicr- 
ischen  Fetten  kaum  rein  zu  erhalten.  Das  unreine  Stearin  ist  bei  53®-66* 
schmelzbar. " 

«We  stated  the  following  on  pages  73-74: 

"In  his  latest  contribution  on  this  subject,  Thierfelder  referred  to  the 
results  of  a  decomposition  of  cerebron  by  an  improved  method — cheating 
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In  h^s  remarks  about  the  phrenosin  that  he  tised  for  his  obser- 
vations on  the  cleavage  products,  Thudichum  wrote  as  follows 
(p.  182,  1901): 

•*  Das  Phrenosin  wird  in  Alkohol  gelOst,  vom  Schwefelcadmium  abfiltriert 
tmd  abermals  krystallisiert.  Zuletzt  kommt  ein  Punkt,  wo  keiner  der 
oben  beschriebenen  Prozesse,  wie  oft  man  ihn  auch  wiederhoien  mag, 
die  Zusammensetztmg  oder  das  Aussehen  des  Phrenosins  &ndert.  Dann 
enthalt  es  noch  meist  von  0.0a  bis  0.05%?,  also  ein  halb  bis  ein  Prozent 
Phosphatid.  Dies  muss  die  direkte  Elementaranalyse  stark  beein- 
flussen,  hat  aber  auf  die  durch  Chemolyse  stt  exreichenden  Produkte 
wenig  Einfluss,  so  dass  es  nicht  hindert,  mit  beiden  Methoden  zu  einer 
ganauen  Kenntnis  der  elementaren  Znsammensetzving  des  Phrenosins 
SBu  gelangen.'* 

The  recognized  impurity  was,  no  doubt,  missing^  from  Thier- 
felder's  product.  The  impurity  referred  to  may  have  raised 
the  figtire  for  carbon  content  of  neurostearic  acid.  At  the  same 
time  the  two  sets  of  figures  for  elementary  composition  agree 
as  well  as  could  be  expected  for  a  product  with  such  a  high 
carbon  content  and  which  was  analyzed  by  two  different  observ- 
ers at  widely  separated  periods,  after  preparation  by  different 
methods.  These  facts  make  the  agreement  all  the  more 
striking  and  emphasize  our  deduction  that  the  two  substances 
were  identical. 

The  difiEerences  between  the  percentage  values  of  the  formulas 
and  the  results  of  direct  analysis  may  be  seen  below  (Posner 
and  Gies,  loc.  cit,,  p.  73): 

Data  of  di-  Correspondiiv? 

rect  analysis^  composition  re- 

quired by  the 
formula 
C  H  Formula  C  H 

Thudichum's  neurostearic  acid  (1878):  given 

The  acid  obtained  from  its  ethyl  ester    76.94       12.641       C,,H,«Oa     76.06       12.68 
The  crystaUme  acid 75.88       12.85/  *■    *•    ' 

Thierfelder^scerebronic  acid  (1904) 75.33       12.50         Ca,H,oO,     75.38       12.56 

* 

with  methyl  alcohol  containing  10  per  cent,  of  sulfuric  acid.  The  propor- 
tions of  the  above-named  decomposition  products  were  determin ed.  Again 
there  was  no  reference  to  the  obvious  identity  of  cerebron  with  phrenosin 
nor  to  the  significant  resemblance  between^  neurostearic  acid  and  cere- 
bronic  acid.  We  believe  the  latter  was  merely  a  purer  form  of  Thudi- 
chum's product.  Thierfelder  also  refrained  from  making  further  direct 
reference  to  his  confirmation  of  the  essentials  of  Thudichum's  original 
observations  on  sphingosin." 

« If  it  was  not  entirely  missing,  probably  only  traces  were  present.     I 
referred  to  this  matter  on  page  165. 
.    >  In  the  x>rcvious  paper,  I  gave  by  mistake,  after  neurostearic  acid, 
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It  seems  probable  that  Thudichum  was  wrong  in  preferring 
the  formula  he  selected  for  neurostearic  acid.  He  failed  to 
take  into  account  in  this  connection  the  probable  admixture 
of  portions  of  the  impurity  that  he  knew  was  present  in  the 
phrenosin  to  b^in  with.^  At  the  same  time  cerebronic  acid  is 
not  yet  so  well  defined  in  character  that  its  composition  can  be 
regarded  as  settled  beyond  all  doubt.  The  two  formulas  on 
page  174  are  practically  interchangeable.  Each  is  empirically  an 
approximate  multiple  of  CgHnO. 

Phrenosin  and  cerebron  are  admittedly  the  same^in  yielding 
galactose  and  sphingosin.  Each  also  yields  an  organic  acid  of 
relatively  high  carbon  content.  Thudichum  called  this  acid 
neurostearic  acid,  Thierfelder  called  it  cerebronic  acid.  I  am 
convinced  that  each  was  dealing  with  essentially  the  same 
product.  I  believe  also,  that  Thierf elder's  product  was  the 
purer  of  the  two.  It  seems  to  me  that  phrenosinic  acid  would  be 
the  most  satisfactory  name  for  it. 

Near  the  close  of  his  last  paper,  Thierfelder  laid  great  stress 
on  the  differences  between  the  figures  for  composition  and 
melting  points  of  neurostearic  acid  and  cerebronic  acid,  dis- 
crepancies that  Posner  and  I  assumed,  qtiite  correctly  I  think, 
were  due  to  the  presence  of  slight  proportions  of  impurities 
in  the  products.  I  have  already  referred  in  detail  to  these  differ- 
ences and  their  minor  import,  (p.  172).  In  this  connection 
Thierfelder  wrote  as  follows: 

"Es  gibt  nur  zwei  MOglichkeiten:  Entweder  hat  Thudichum  eine  reine 
S&ure  in  Hftnden  gehabt  und  analysiert,  dann  sind  Phrenosin  und  Cerebron 
verschiedene  KOrper.  Oder  er  hat  unreines  Material  untersucht,  dann 
sind  seine  Angaben  fiber  die  Zusammensetzung  der  S^ure  und  damit 
auch  des  Phrenosins  unrichtig  und  das  Phrenosin  ware  vielleicht  als 
unreines  Cerebron  zu  bezeichnen,  aber  nichtdas  Cerebron  als  Phrenosin. 

"Eine  sichere  Entscheidung  ist  nicht  zu  treflfen.  Berucksichtigt  man 
aber  die  zu  Phrenosin  und  Cerebron  fuhrenden  Darstellimgsverfahren, 
die  fur  beide  Substanzen  angegebenen  Eigenschaften  und  vor  allem  den 

the  higher  figures  (C,  76.69;  H,  12.95)  for  the  ethyl  ester.  The  error  was 
not  at  all  favorable  to  the  conclusion  I  was  endeavoring  to  make  evident. 
In  the  table  on  page  174  is  given  not  only  the  figures  usually  presented 
for  results  of  direct  analysis  of  neurostearic  acid,  but  also  additional 
data  of  the  same  kind  for  the  crystalline  product  (Thudichum,  p.  2 10,  190 1). 
»  See  remarks  in  the  footnote  on  page  1 73  of  this  paper. 
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fur  ThudichunCs  Arheiten  charakteristischen  Mangel  an  Exakiheit,   so 
wird  man  sich  mehr  der  leizteren  Auffassung  suwenden.**^     (.  age  521). 

I  agree  in  assuming,  with  Thierfelder,  that  neurostearic  acid 
was  not  quite  as  pure  as  cerebronic  acid,  but,  instead  of  presum- 
ing that  Thudichum's  statements  are  materially  in  error  r^ard- 
ing  the  composition  of  neurostearic  acid,  it  is  necessary  to  admit 
only  that  Thudichum's  selection  of  his  formula  for  neurostearic 
acid  was  mistaken.  So  was  Gamgee's  for  pseudocerebrin,  but 
that  fact  did  not  prevent  Thierfelder  from  accepting  pseudocere- 
brin as  equivalent  to  cerebron  (page  167).  I  also  agree  with 
the  substance  of  the  deduction  indicated  in  the  last  sentence 
of  the  first  of  the  two  paragraphs  just  quoted,  but  I  Relieve  the 
same  truth  may  be  stated  with  greater  r^ard  for  historical 
sequence  by  saying  that  cerebron  is  a  purer  form  of  phrenosin 
and  that,  disregarding  the  slight  proportions  of  impurities  in 
both  products,  each  observer  (Thudichimi  and  Thierfelder)  was 
dealing  with  the  same  substance. 

It  is  proper  to  insist  at  this  point  that  Thudichum  gave  the 
name  phrenosin  not  to  the  product  that  he  analyzed  but  to  the 
substance  that  composed  nearly  all  of  that  product  and  which 
a  small  amotmt  of  associated  impurity  did  not  hide  from  him. 
I  have  already  drawn  attention  to  the  fact  that  Thierfelder  has 
in  efiEect  done  the  same  for  cerebron.  In  discussing  phrenosin, 
Thierfelder  insists  on  recognizing  only  the  practical  data  per- 
taining to  a  product  containing  a  small  amotmt  of  acknowledged 
impurity.  More  privileged  treatment  is  accorded  to  pseu- 
docerebrin (page  168).  Who  ever  analyzed  a  mass  of  any 
substance  that  was  not  impure  and  who  ever  erected  a  for- 
mula that  accorded  perfectly  with  analytic  data?  To  what 
do  the  names  of  substances  refer?  Are  they  given  to  com- 
pounds actually  analyzed  in  the  absence  of  all  traces  of 
others — to  ideaUy  pure  substances,  or  do  the  names  refer  to 
compounds  in  products,  in  which  the  essential,  fundamental, 
predominating  substance,  as  it  is  conceived  to  be,  is  recognized? 
Sometimes  impurities  are  discerned  and  duly  accounted,  some- 
times they  are  not.  In  the  case  of  phrenosin,  impurity  was 
recog^nized,  in  the  case  of  cerebron,  impurity  does  not  seem  to  be 
conceded.    Shall  a  different  name  be  given  to  a  substance  every 

>  Italics  are  mine. 
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time  a  trifling  amount  of  impurity  is  discovered  in  products 
made  by  mJthods  that  were  presumed  to  yield  that  particular 
substance  and  nothing  else?  When  slight  proportions  of  im- 
purities are  recognized  in  products  thus  obtained,  is  it  not 
qtiite  satisfactory  and  customary  to  retain  for  the  substance 
with  which  the  impurity  was  associated,  the  name  that  was  orig- 
inally applied  to  such  masses  containing  both?  Is  it  any  more 
desirable  to  give  several  names  to  the  essential  substance  common 
to  slightly  different  products  obtained  by  ^t55imi/ar  methods? 
Why  drop  the  name  phrenosin  for  cerebron  in  view  of  the  facts 
in  this  connection? 

RBMARKS    OV   METHODS  OP  PREPARATION,    PHYSICAL  PROPERTIES, 

ETC.,   OF   PHRENOSIN    (CEREBRON). 

With  regard  to  the  statement  in  the  second  paragraph  of  the 
remarks  just  quoted  from  Thierfelder's  paper  (p.  175),  I  might 
add  that  it  has  not  been  shown  that  Thudichum's  methods  of  prep- 
aration were  not  as  satisfactory  as  Thierfelder's.  Thierfelder's 
objection  to  high  temperature  reminds  me  of  the  great  precau- 
tions that  used  to  be  taken  in  this  connection  to  prepare  prota- 
gon,  until  Cramer  ^  found  that  the  same  material  could  be  ob- 
tained by  extraction  at  the  boiling  temperature  of  85  per  cent. 
alcohol.  Whatever  differences  have  been  discovered  between 
the  properties  of  phrenosin  and  cerebron,  to  which  Thierfelder 
alludes  indefinitely  (Thierfelder  does  not  say  what  they  maybe), 
are  certainly  buried  under  the  resemblances.  Some  of  the  re- 
marks made  in  the  description  of  phrenosin  are  duplicated  in 
the  subsequent  description  of  cerebron. 

Thus,  each  is  described  as  a  snow-white  substance,  readily 
soluble  in  warm  absolute  alcohol  and  obtainable  from  it,  on  cool- 
ing, in  rosettes  of  needles  or  nodular  masses.  With  reference  to 
crystallization  from  alcohol  the  following  remarks  were  recorded: 

"W&hrend  es  atts  absolutem  Alkohol  krystallisiert,  gewahrt  es  einen 
interessanten  Anblick.  Auf  der  Oberfl&che  der  LOsung  bilden  sich 
zahllose  Punkte,  welche  sich  zu  KOmem,  dann  zu  Rosetten  vergrdssem 
tind  nach  mehr  oder  weniger  langem  Umherschwimmen  iintersinken.  "^ 
(Thudichum.) 

»  Cramer,  Journ.  of  Physiol.,  xxxi,  p.  31,  1904. 

»  These  and  the  succeeding  comparative  quotations  are  from  the  latest 
descriptions  by  each  author. 
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"Die  Abscheidungen  erfolgen  in  der  Regel  in  zusammenhangenden 
Massen,  die  nicht  an  der  Wandung  des  Glases  haften  und  sich,  ohne 
auseinander  zu  reissen,  in  der  Flussigkeit  hin-  und  herbewegen  lassen." 
(Thierfelder. ) 

With  regard  to  behavior  in  water,  agreement  was  shown  as 
follows: 

"Bringt  man  Phrenosin  in  Wasser  und  erwarmt  es  damit  zum  Kochen, 
so  wird  es  weder  teigig  noch  schleimig,  sondem  schwimmt  in  losen 
Flocken  in  der  Flussigkeit.  Da  nun  das  starkeartige  Aufschwellen  in 
heissem  Wasser  eine  Eigenschaft  fast  aller  Phosphatide  und  Lipotide 
ist,  so  kann  man  aus  dem  grOsseren  oder  geringeren  Erscheinen  dieser 
Eigenschaft  an  einem  gegebenen  Praparat  die  Gegenwart  von  mehr  oder 
minder  Phosphatid  oder  Lipotid  auf  leichte  Weise  ermitteln."  (Thudi- 
chimi.) 

*'Es  ist  .  .  .  in  Wasser  unlOslich,  auch  nicht  darin  quellend. " 
(Thierfelder.) 

A  color  reaction  was  referred  to  as  follows: 

"Phrenosin  giebt  eine  positive,  charakteristische  Reaktion  mit  Vit- 
riolol.  Wenn  man  es  mit  dieser  Saure  verreibt,  so  wird  es  zunachst 
gelb  imd  lost  sich  scheinbar  ganz  auf.  Dann  wird  es  allmdhlich  pur- 
purrot,  imd  bei  genauem  Zusehen  findet  man,  dass  die  Farbe  an  imgelOste 
Flocken  gebunden  ist.  Dieselben  lassen  sich  aber  durch  mehrere  Re- 
agenzien  wie  Chloroform  oder  Eisessig  in  LOsung  bringen. "  (Thudi- 
chum.) 

'*Beim  Zerreiben  von  Cerebron  mit  concentrirter  Schwefelsaure  tritt 
Gelbfdrbung  ein,  die  ungel^ten  Flocken  farben  sich  allmdhlich  pur- 
purroth. "     (Thierfelder.) 

Other  duplications  of  description  might  be  cited. 

As  to  the  main  reason  given  by  Thierfelder  for  regarding 
Thudichum*s  results  with  distrust,  i.  e.,  "the  characteristic  lack 
of  exactness**  in  Thudichum's  researches,  it  is  sufficient  to  say, 
I  think,  that  the  accuracy  of  Thudichum's  work  on  phrenosin, 
as  shown  here,  merits  respect  and  consideration.  His  observa- 
tions in  many  other  connections  have  also  been  repeatedly 
confirmed  by  numerous  observers,  although  this  could  hardly  be 
inferred  from  Thierf elder's  remarks  that  are  quoted  on  page  175. 
Errors  are  inevitable  in  the  work  of  every  investigator,  but  the 
mistake  that  should  be  the  easiest  for  each  of  us  to  refrain  from 
committing  is  the  one  of  disparaging  and  discredit'  \jtj^^  en- 
deavors of  another  by  such  sweeping  and  undiscrimin  ♦^ing  con- 
demnation as  that  to  which  Thierfelder  has  subjected  Thudichum's 


William  J.  Gies  1 79 

efforts  and  papers.  This  must  be  especially  true,  it  seems  to  me, 
for  one  who  finds  it  necessary  (as  in  the  case  of  Thierfelder's 
rediscovery  of  sphingosin,  for  example,  and  his  complete  confirm- 
ation of  Thudichum*s  data  r^arding  it)  to  point  directly  to  results 
obtained  by  that  particular  person  twenty-five  years  before, 
that  were  characterized  by  accurate  statement  of  details  and 
as  well  as  correct  conveyance  6f  generalities. 
Thierfelder  concluded  his  paper  with  the  following  remark: 

"Das  Cerebron  ^ber  zeigt  eine  andere  Ztisammensetzung  und  einen 
aaderen  chemischen  Aufbau,  als  Thudichum  fur  das  Phrenosin  angegeben 
hat,  tmd  wir  kOtmen  es  daher  nicht  als  gerechtfertigt  anerkennen,  die 
Entdeckung  des'Cerebrons  Thudichum  zuzuschreiben  und  den  von  uns 
suerst  rein  (!)  dargestellten  und  genau  untersuchten  KOrper  Phrenosin 
m  benexmen."     (Page  522.) 

I  have  made  it  clear,  I  believe,  that  the  chemical  composition 
of  phrenosin,  as  definitely  and  deliberately  distinguished  by 
Thudichum  from  various  data,  in  addition  to  the  results  of 
elementary  analysis,  and  recognized  apart  from  a  small  amount  of 
impurity,  was  essentially  the  same  as  the  composition  of  cerebron. 
I  believe  it  must  be  evident  that  Thudichum's  deductions  on  the 
composition  of  phrension  from  the  data  furnished  by  its  cleavage 
products  was  correct  in  theory,  in  spite  of  the  somewhat  defective 
methods  employed  by  him  for  their  quantitative  estimation. 
That  he  selected  a  slightly  different  formula  from  that  preferred 
by  Thierfelder  can  be  a  matter  of  no  more  consequence,  in  Thier- 
felder's  estimation  than  it  is  in  mine,  for  we  both  see  clearly  that 
pseudocerebrin,  for  example,  to  which  Gamgee  assigned  the  for- 
mula C44H92NO8  is  identical  with  cerebron  to  which  Thierfelder 
assigned  the  formula  C4«H»3NO».  It  is  safe  to  assert  that  both 
Thudichum  and  Gamgee  selected  incorrect  formulas  for  the  same 
substance.  It  is  not  yet  certain  that  Thierfelder,  with  due 
recognition  of  his  admirable  work  upon  it,  has  determined  the  for- 
mula by  which  the  substance  can  always  be  correctly  indicated. 

NOMENCLATURE  AND  CONCLUDING  REMARKS. 

After  Thierfelder's  attention  had  been  called  by  Gamgee  to 
the  obvious  fact  that  pseudocerebrin  and  cerebron  were  identical, 
Thierfelder  proposed  the  retention  of  the  name  cerebron  in 
preference  to  pseudocerebrin,  for  the  following  reasons: 
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*'Mit  Rucksicht  darauf,  dass  die  in  Rede  stehende  Substanz  als  im 
Grehim  vorgebildet  anzusehen  ist,  wahrend  unter  Cerebrinen  im  allge- 
meinen  Spaltungsprodukte  hfther  zusammengesetzter  Gehimstoffe 
verstanden  werden,  halten  wir  den  Namen  Cerebron  fur  zweckmassiger 
und  schlagen  vor,  ihn  beizubehalten. "     (1904,  p.  2a.) 

Unfortunately  the  term  cerebron  is  easily  confused  with 
cerebrin.  It  seems  to  me,  that,  on  the  ground  of  prior  assign- 
ment and  because  the  name  phrenosin  is  more  distinctive  than 
cerebron,  the  latter  term  should  be  abandoned  and  phrenosin 
retained  for  the  substance.  Posner  and  I  suggested,  also,  for 
the  same  reason,  that  phrenosinic  acid  would  be  an  improvement 
on  neurostearic  acid  and  cerebronic  acid.  The  question  of 
nomenclature  is  of  no  importance,  however,  compared  with 
prompt  recognition  of  the  facts  already  recited  and  the  con- 
sequent permanent  placement  of  phrenosin  in  its  proper  chemical 
as  well  as  historical  setting. 

I  should  like,  in  conclusion,  to  suggest  my  belief  that  no  one 
would  be  so  completely  able  to  settle  definitely  the  facts  in  this 
connection,  by  a  comparative  study  of  phrenosin  prepared  by 
Thudichum's  method  and  Thierfelder*s  method,  as  Prof.  Thier- 
f elder  himself.  I  have  refrained  from  undertaking  such  a  study 
myself  because  of  a  desire  to  leave  the  way  entirely  open  for  a 
final  solution  of  the  question  in  Prof.  .Thierfelder's  laboratory. 
It  would  be  personally  gratifying  to  me  to  find  that  I  have  been 
entirely  mistaken  in  these  observations. 

1  have  studied  with  interest  and  great  profit  Prof.  Thierfelder's 
researches,  especially  those  pertaining  to  protagon  and  phrenosin. 
That  he  has  greatly  advanced  our  knowledge  of  neurochemistry 
is  so  well  known  that  it  would  be  presumptuous  for  me  to  dwell 
upon  the  fact.  It  was  a  pleasure  on  a  previous  occasion*  to  find 
that  our  observations  on  protagon  were  in  entire  harmony  with 
Prof.  Thierfelder's.^  I  r^ret  exceedingly  that  on  the  matter  dis- 
cussed in  this  paper,  I  am  unable  to  agree  with  Prof.  Thier- 
felder's .  conclusions. 

>  Lesem  and  Gies,  Amer.  Joum.  of  Physiol.,  viii,  p.  183,  1902;  also, 
Gies  and  Collaborators,  Biochemical  Researches,  i.  Reprint  No.  11,  1903. 

2  The  essentials  of  those  observations  on  protagon  had  previously  been 
noted  by  Thudichum,  however,  a  fact  of  .which  I  was,  at  that  time, 
ignorant  and  to  which  Thierfelder  made  no  allusion. 
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GENERAL  OBSERVATIONS. 

Gaxngee  and  Thierfelder  have  agreed  that  pseudocerebrin  and 
cerebron  were  identical.  Kossel  and  Freytag  have  shown  that 
their  cerebrin,  Parcus*s  cerebrin,  and  Thudichum's  phrenosin 
were  practically  the  same.  Koch  has  stated  his  belief  that 
Thudichum's  phrenosin,  Thierfelder  *s  cerebron,  and  his  own 
cerebrin  were  identical.  Posner  and  Gies  called  attention  to 
the  probability  that  all  of  these  observers  were  dealing  with  the 
same  substance. 

I  have  attempted  carefully  to  consider  all  of  Thierfelder's 
objections  to  the  view,  first  suggested  I  believe  by  Koch,  *  and 
considered  in  detail  and  emphasized  by  Posner  and  Gies,  that 
phrenosin,  cerebron,  and  the  various  cerebrins  already  named 
were  samples  of  the  same  substance.  I  have  been  obliged, 
however,  to  reiterate  the  conviction  that  Thudichum  discovered 
and  quite  correctly  described  the  essential  substance  that  was 
associated  with  slight  proportions  of  impurities  in  each  of  these 
several  products.  Therefore,  I  have  again  expressed  the  opinion 
that  phrenosin  is  the  most  acceptable  name  for  the  substance 
under  consideration. 

These  conclusions  in  no  degree  disr^ard  the  fact  that  our 
knowledge  of  phrenosin  has  been  very  greatly  increased  by 
Prof.  Thierfelder's  admirable  studies  of  it  (cerebron.) 


ADDENDA. 

Shortly  after  the  foregoing  paper  had  been  accepted  for  pub- 
lication, the  first  number  of  voltime  xlviii  of  the  Zeiischrift  fur 
physiologische  Chemie  appeared,^  with  a  very  brief  though  sig- 
nificant note  at  the  bottom  of  page  80,  entitled,  "Notiz  betreff- 

»  Koch's  suggestion  may  be  found  on  page  310  of  his  paper  in  volume 
xi  of  the  American  Journal  of  Physiology  {1904)  and  is  conveyed  in  the 
following  sentence:  "Phrenosin,  C4,H,9NOg,  Thudichum,  may  be  said  to 
be  identical  or  isomeric  with  the  substance  isolated  by  Thierfelder  and  by 
Koch,  as  will  be  seen  from  a  comparison  of  the  analyses. "  Following 
this  remark  is  a  table  that  presents  the  figtires  for  elementary  com- 
position of  phrenosin,  cerebron,  and  Koch's  own  cerebrin. 

» •*  Ausgegeben  am  19  Mai,  1906." 
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end  das  Sphingosin,  von  F.  Kitagawa  tind  H.  Thierfelder,"  as 
follows: 

"  Eingehende  Untersuchiingen  tiber  das  Sphingosin  haben  zu 
dem  Resultat  gefuhrt,  dass  diese  Substanz  ntcht  einheitlich  tsi.  ^ 
Da  die  voUige  Klarlegting  der  Verhaltnisse  bei  der  Schwierig- 
keit  der  Materialbeschaffung  iind  der  Trennung  noch  einige  Zeit 
erfordem  wird,  so  teilen  wir  dieses  Eigebnis  schon  jetzt  mit,  um 
die  Angaben  des  einen  von  uns  zu  berichtigen.  {Diese  Zeit- 
schrift,  Bd.  xliii,  S.  21,  1904,  iind  Bd.  xliv,  S.  366,  1905.'*) 

In  the  first  of  the  two  papers  just  mentioned  sphingosin,  pre- 
cipitated as  sulfate  from  hot  alcoholic  solution  on  cooling,  was 
referred  to  (p.  28)  as  a  substance  "welche  nach  nochmaligem 
Umkristallisieren  rein  weiss  erhalten  wurde,  sich  als  einheitlich 
erwies,**  etc.  The  analytic  data  given  on  page  29  of  the  same 
paper  ^  seem  to  prove  it  conclusively.  No  more  positive  or  reliable 
statement  than  that  just  quoted  seemed  to  have  been  made  by 
Thierfelder  in  any  of  his  papers  r^arding  either  cerebron  or 
cerebronic  acid. 

In  justice  to  Thudichum,  I  desire  to  call  attention  again  to 
the  remarks  by  Thierfelder  that  are  quoted  at  the  top  of  page 
176  of  this  paper. 

1  Italics  are  mine. 

a  By  Thierfelder  himself. 


[CAL  STIMULATION  OF  THE  MOTOR  AREAS  OF  THE 
CEREBRAL  HEMISPHERES 

By  S.S.  maxwell. 

{From  the  Rudolph  Spreckels  Physiological  LahoraUyry  of  the  University 

of  California.) 

(Received  for  publication,  May  9,  1906.) 
7. — Introductory  RemarkSi 

The  statement  that  the  cerebral  cortex  can  be  stimulated 
chemically  depends  chiefly  upon  the  experiments  of  Landois* 
in  which  certain  substances, — creatin,  creatinin,  disoditmi 
phosphate,  urinary  sediment,  etc. — in  powdered  form  or  in  solu- 
tions of  various  concentrations,  were  placed  directly  upon  the 
brain  surface.  He  saw  after  an  interval  of  five  minutes  or  longer 
the  beginning  of  certain  effects — ^bending  of  the  body  axis  to  the 
opposite  side,  clonic  contractions  of  the  chewing  muscles,  followed 
by  rapidly  repeated  single  contractions  of  the  nose,  ear,  and  eye 
muscles  on  the  opposite  side.  Then  the  whole  fore  part  of  the 
body,  including  the  fore  limbs,  fell  into  quivering.  Strong 
cramps  also  involved  the  muscles  on  the  operated  side,  but  less 
strongly  than  on  the  crossed  side. 

BickeP  repeated  and  confirmed  the  observations  of  Landois. 
He  admits  indeed  that  the  conditions  of  his  experiments  make  it 
impossible  to  decide  whether  only  the  gray  matter  or  the  white 
matter  also  had  been  stimulated,  and  that  all  one  can  affirm  with 
certainty  is  that  on  account  of  the  shortness  of  the  latent  period — 
ten  to  fifteen  minutes — the  stimulation  could  have  extended  only 
to  the  "peripheral  layer'*  of  the  hemisphere,  and  not  to  those 
mor6  deeply  lying  subcortical  centers  whose  excitation  would 
have  evoked  bilateral  instead  of  unilateral  contractions. 

Regoli^  applied  solutions  of  barium  chloride  to  the  motor  area 

»  Landois,  Deutsche  med.  Woch.,  xiii,  p.  685,  1887;  and  Wien.  nted. 
Presse,  xxviii,  p.  223,  1887. 

a  B'  ^       Arch.  f.  d.  ges.  Physiol.,  Ixxii,  p.  214,  1898. 

*  Kegt^i',*  Boll,  delta  Soc.  tra  i  cullori  di  Sc.  Med,  Nat.  in  CagUari,  1899- 
1900,  p.   151. 
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of  the  dog*s  brain  and  saw  in  a  short  time  (ten  minutes  in  one 
experiment,  and  in  another  the  exact  time  is  not  stated)  the 
occurrence  of  spontaneously  appearing  epileptic  seizures  on  the 
opposite  side  of  the  body.  This  author  as  well  as  Sabbatani^ 
and  Roncoroni  applied  certain  solutions,  especially  of  the  cal- 
cium precipitants,  to  the  brain  surface,  and  by  testing  with 
electrical  stimulation  after  ten-minute  intervals,  were  able  in 
most  instances  to  demonstrate  an  increased  excitability. 

Gallerani  and  Lusanna^  applied  Liebig's  meat  extract  to  the 

brain  surface  and  after  an  interval  of  1}  hours  in  the  dog  and 

f  hours  in  the  rabbit  were  able  to  produce  a  sort  of  reflex 

epilepsy  by  the  stimulation  of  peripheral  nerves.     Experiments 

with  meat  extracts  were  also  reported  by  Koranyi  and  Tausczk.^ 

From  these  and  similar  experiments  the  conclusion  has  been 
drawn  that  the  cortex  had  been  stimulated  chemically,  and  this 
conclusion  has  been  made  use  of  in  the  explanation  of  eclampsia, 
uraemic  convulsions,  the  nervousness  of  pregnancy,*  etc. 

As  I  have  stated  elsewhere^  these  experiments  in  my  opinion 
are  open  to  objection  as  evidence  of  chemical  stimulation  of 
the  cortex  because,  in  the  relatively  long  period  between  the 
application  of  the  substances  and  the  occurrence  of  the  contrac- 
tions, powdered  substances  or  strong  solutions  would  have  time 
to  act  osmotically  by  extracting  water  from  the  tissues,  or  else 
through  diffusion  to  act  upon  the  underlying  white  matter  of  the 
corona  radiata.  Moreover,  the  substances  used  by  Landois, 
with  the  exception  of  the  phosphate,  have  not  been  shown  to  act 
specifically  as  nerve  stimulants. 

We  know  through  the  experiments  of  Loeb  ^  that  chemical 
stimulation  can  be  best  brought  about  through  the  action  of 
those  substances  whose  anions  precipitate  calcium,  and  his 
experiments  as  well  as  those  of  many  other  observers  have 
proved  that  the  relation  is  general.  The  knowledge  of  this,  fact 
gives  us  a  definite  method  for  the  application  of  chemical  stimula- 

1  Sabbatani,  Arch.  ital.  de  bioL,  xHv,  p.  398. 

2  Gallerani  and  Lusanna,  ibid.,  1891. 
<  Iniemat.  klin.  Rufidsch.^  1890. 

«  Blumreich  and  Zuntz,  Arch.  /.  Physiol. ,  190 1,  Suppl.,  p.  266. 

*  Univ,  of  California  Publications,  Physiology,  iii,  p.  17,  1906. 

•  Loeb,  Amer,  Jour,  of  Physiol.,  v,  p.  362,  1901;  also  in  Studies  in  Gen- 
eral Physiology,  Chicago,  ii,  p.  69a,  1905. 
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tion;  namely,  in  the  use  of  such  substances  as  the  soluble  citrates, 
escalates,  fluorides,  oleates,  etc.  In  attempting  to  make  use  of 
this  method  in  the  investigation  of  certain  areas  of  the  cortex 
I  fotind  that  I  could  not  get  any  evidence  whatever  of  chemical 
stimulation  of  the  gray  matter  but  that  stimulation  occurs  very 
promptly  when  solutions  of  the  calcium  precipitants  are  injected 
so  deeply  as  to  act  directly  upon  the  white  matter. 

Most  of  my  experiments  were  performed  upon  the  motor 
areas  of  the  cerebral  cortex  of  the  rabbit,  but  the  cat  was  used 
in  a  sufficient  number  of  cases  to  prove  that  the  results  are  pre- 
cisely the  same.  At  the  beginning  of  each  experiment  the 
localization  of  the  various  motor  areas  and  the  degree  of  excita- 
bility were  determined  by  electrical  stimulation  with  a  weak 
interrupted  current  and  similar  tests  of  the  excitability  were 
made  at  intervals  during  the  progress  of  the  experiment.  Care 
was  taken  to  avoid  excessive  cooling  or  drying  or  any  other 
factor  known  to  be  liable  to  cause  a  lowering  of  sensibility. 
It  is  well  known  that  deep  narcosis  through  ether  greatly  lowers 
or  totally  abolishes  the  response  to  electrical  stimulation. 
Morphine  except  in  very  heavy  doses  interferes  less  than  ether 
with  the  excitability  of  the  brain  tissue.  Some  of  my  experi- 
ments were  made  under  light  etherization.  In  others  morphine 
alone  was  used.  In  order,  however,  to  set  aside  completely  the 
question  of  narcotic  effects,  in  a  large  number  of  the  experiments 
local  anesthesia  alone  was  employed.  This  was  secured  by  the 
injection  of  a  very  small  quantity  of  a  one-half  per  cent,  solution 
of  cocaine  into  the  skin  of  the  animal  along  the  line  of  incision. 
The  controls  by  electrical  stimulation  showed  perfectly  the 
absence  of  narcotic  interference. 

2, — Application  of  Substances  to  the  Brain  Surface. 

When  the  powdered  substances  were  placed  directly  upon  the 
brain  surface  I  in  no  case  observed  results  which  could  be  fairly 
interpreted  as  stimulation  of  the  cerebral  cortex.  I  could  indeed 
confirm  the  observations  of  Landois  upon  the  effect  of  creatin 
and  creatinin  so  applied ;  but  the  latent  period  was  usually  con- 
siderable— fifteen  minutes  to  over  half  an  hour.  Moreover  I 
was  also  able  by  the  use  of  crystals  of  cane  sugar  upon  the  surface 
of  the  motor  region  of  one  side  of  the  brain,  to  produce  after 
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an  interval  of  from  thirty  to  fifty  minutes  epileptic  convulsions 
beginning  with  unilateral  contractions  on  the  opposite  side  of 
the  body  and  presenting  the  characteristic  "march."  In  the 
latter  case  there  can  be  no  doubt  that  the  effects  were  purely 
osmotic  as  sugar  has  never  been  shown  to  act  as  a  nerve  stimulant. 
Pure  creatin,  however,  is  not  sufficiently  soluble  to  act  by 
osmosis;  but  so  far  as  I  know  no  one  has  performed  these  experi- 
ments with  the  pure  substance.  The  material  with  which  I 
worked  was  prepared  in  the  ordinary  way.  Freezing-point 
determinations  showed  that  it  was  possible  to  make  from  it  a 
solution  having  an  osmotic  pressure  slightly  greater  than  that  of 
^  sodium  chloride  solution.  Under  such  circumstances  there 
is  no  reason  to  assume  that  its  action  was  in  any  way  different 
from  that  of  sugar.  I  shall,  however,  reserve  the  discussion  of 
the  question  of  a  specific  action  of  creatin  till  another  time. 

For  reasons  already  mentioned  effects  occurring  five  minutes 
to  two  hours  after  application  of  a  substance  cannot  be  accepted 
as  evidence  of  stimulation  of  structures  in  the  surface  layer  of 
the  brain,  especially  when  one  recollects  the  immense  number 
of  blood-vessels  which  plunge  directly  downward  from  the  pia 
to  the  bottom  of  the  gray  matter,  and  the  arrangement  of  the 
perivascular  lymphatic  spaces  which  accompany  these  vessels. 

J. — Application  of  Strong  Solutions  to  the  Brain  Surface. 

Strong  solutions  applied  directly  to  the  brain  surface  gave  no 
more  indication  of  direct  stimulation  than  did  the  powdered 
substances.  Their  effects  were  only  noticeable  after  a  latent 
period  of  many  minutes  while  the  same  solutions  injected  into 
the  white  substance  of  the  brain  produced  a  response  within  a 
few  seconds.  The  following  may  serve  as  an  example  of  surface 
application: 

Nov.  z8,  1905.  Rabbit;  local  anesthesia  only;  motor  areas  of  right 
hemisphere  exposed  at  12:50.  Localization  and  irritability  tested  with 
interrupted  current. 

1:00  P.M.  Applied  ^  sodium  citrate  upon  the  surface  of  the  pia.  No 
effect  observable. 

1:15  P.M.  Injected  ^  sodium  citrate  imder  surface  of  pia»  upon  but 
not  into  gray  substance.     No  effect  observed. 

1 :  30  P.M.     Injected  more  citrate  solution. 

z :  36  P.M.     Rhythmic  twitching  of  left  side  of  snout. 
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1:97  p.ic.  Rapid  chewing  beginning  with  left  side  of  mouth,  followed 
by  twitching  of  left  foreleg. 

In  this  experiment  no  eflfect  was  noticeable  until  eleven 
minutes  after  the  first  injection  of  citrate  under  the  pia.  In 
other  experiments  with  strong  citrate  solutions  on  the  brain 
surface  the  latent  period  was  longer  or  the  results  were  wholly 
n^ative.  Strong  solutions  of  soditun  oxalate  and  of  various 
other  substances  gave  similar  results. 

4. — Injection  of  Solutions  into  the  Brain  Substance, 

In  many  of  these  experiments  one  or  two  drops  of  the  solution 
were  injected  by  means  of  a  capillary  glass  tube.  In  later 
experiments  a  hypodermic  needle  was  used,  the  point  of  which 
was  ground  to  an  obtuse  angle,  as  otherwise  the  projecting  portion 
might  have  produced  mechanical  stimulation  at  a  deeper  level  than 
that  reached  by  the  solution.  A  metal  collar  about  three  milli- 
meters in  diameter  was  fitted  upon  the  needle  and  held  at  any 
desired  distance  from  the  point  by  means  of  a  small  set  screw. 
This  collar  served  in  part  as  a  shield  to  prevent  making  the  punc- 
tures too  deep.  On  account  of  the  yielding  nature  of  the  brain 
tissue,  however,  this  had  to  be  used  very  cautiously.  Over  the 
upper  end  of  the  needle  was  slipped  a  small  piece  of  rubber 
tubing  whose  opposite  end  was  closed  by  a  small  glass  rod. 
The  apparatus  thus  arranged  could  be  used  as  a  tiny  rubber 
bulb  pipette.  It  was  possible  so  to  adjust  the  glass  rod  that 
one,  two,  or  three  drops  of  solution  could  be  caused  to  flow  from 
the  needle  by  compressing  the  rubber  tube. 

In  order  to  determine  the  location  and  depth  of  the  injections 
a  record  was  made  of  the  surface  position  of  each  puncture.  At 
the  close  of  the  experiment  the  animal  was  killed  and  the  brain 
placed  in  an  alcohol-formalin  mixture  to  harden.  The  punctures 
could  usually  be  very  exactly  recognized  and  their  depth  deter- 
mined because  of  the  blood  with  which  they  were  filled.  In  a 
number  of  experiments,  however,  I  mixed  India  ink  with  the 
fluid  to  be  injected  and  could  thus  very  readily  trace  the 
punctures. 

When  appropriate  solutions  are  injected  in  the  manner  above 
described  it  is  possible  to  secure  definitely  localized  stimulation. 
The  most  satisfactory  results  were  obtained  with  ^,  ^,  and  ^ 
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sodium  citrate  and  "  and  ^  sodium  oxalate.  Whether  stimula- 
tion did  or  did  not  occur  seemed  to  depend  upon  two  factors; 
namely,  the  depth  of  the  injection  and  the  thickness  of  the  cortex 
at  that  particular  point.  When  stimulation  did  occur  the  re- 
sponse came  very  promptly,  within  a  few  seconds  at  most,  and 
the  localization  was  as  precise  as  in  the  case  of  electrical  stimula- 
tion. In  all  my  experiments  not  a  single  case  occurred  of  this 
prompt  and  definitely  locahzed  response  where  the  puncture  did 
not  reach  the  innermost  layer  of  the  gray  matter.  This  difference 
is  well  shown  in  the  accompanying  figure  of  a  section  through 
two  punctures.  That  at  a  gave  no  indication  of  stimulation ;  that 
at  b,  although  not  so  deep,  reached  the  white  matter  and  caused 
extension  of  the  foreleg  and  spreading  of  the  toes. 


Description  opDiaoram. — Frontal  section  of  brtinof  rabbit 
>t  level  al  two  injections  of  J*  sodium  oxalate.  That  at  ii  gave 
no  response,  that  at  i  extension  of  forelegs  and  spreading  of 
toes.  The  shaded  areas  (;)  represent  gray  matter;  the  unshaded 
M.  while  matter. 

Before  going  into  more  detailed  description  of  the  experiments 
it  is  necessary  to  mention  certain  possible  sources  of  error: 

(a)  Mechanical  Stimulation. — The  insertion  of  the  needle 
might  cause  mechanical  stimulation.  In  order  to  exclude  this 
effect  the  needle  was  first  inserted  to  the  desired  depth  and  the 
liquid  was  not  passed  in  until  a  moment  later.  In  this  way  it 
could  be    determined  that  the    stimulation   was    due   to  the 
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solution  and  not  to  the  pressure  of  the  needle.  Stimulation 
caused  by  the  needle  alone  seldom  occurred  and  then  only  when 
the  puncture  was  unnecessarily  deep. 

It  was  also  possible  that  the  effect  was  due  to  the  pressure  of 
the  injected  liquid.  The  smallness  of  the  amount,  two  or  three 
drops  at  most,  would  make  this  improbable.  The  more  decisive 
evidence  lies  in  the  fact  that  injection  of  ^  sodium  chloride 
caused  no  response  while  y  sodium  citrate  brought  about 
contractions. 

The  introduction  of  the  needle  ruptures  blood-vessels  and  the 
wound  becomes  filled  with  blood.  The  pressure  of  hquid  in  the 
wound,  however,  could  not  be  greater  than  the  pressure  to  which 
the  brain  matter  is  subjected  by  the  blood  in  the  vessels,  so 
that  under  the  conditions  of  the  experiment  the  hemorrhage 
could  not  stimulate  through  mechanical  pressure. 

(b)  Osmotic  Stimulation. — ^Where  solutions  of  a  concentration 
sufficient  to  give  a  higher  osmotic  pressure  than  that  of  the  blood 
serum  were  employed,  as  was  done  in  a  number  of  the  experi- 
ments, the  stimulation  might  have  been  due  to  the  withdrawal 
of  water.  That  osmotic  stimulation  can  be  readily  brought 
about  is  shown  by  the  fact  that  injection  of  ^  sodium  chloride 
causes  contractions  while  an  ^  solution  of  the  same  salt  does 
not.  But  the  fact  that  sodium  citrate  and  sodium  oxalate  stimu- 
late in  solutions  practically  isotonic  with  the  blood  serum  must 
depend  upon  chemical  and  not  upon  osmotic  action. 

In  the  experiments  here  described  about  forty  animals  were 
used  and  a  ntmiber  of  trials  were  made  on  each  animal.  Extracts 
from  the  notes  on  a  few  of  these  may  serve  as  examples: 

March  13,  1906.  Rabbit;  local  anesthesia  only;  right  motor  area 
exposed;  areas  for  left  foreleg,  mouth,  and  neck  determined  by  electrical 
stimulation;  injections  of  jf  sodium  oxalate. 

Puncture  i.  Needle  inserted,  no  response;  injection,  no  response. 
Puncture  a.  Needle  inserted,  no  response;  injection,  no  response. 
Pimcture  3.  Needle  inserted,  no  response;  injection,  strong  movement 

of  left  foreleg. 
Puncture  4.  Needle  inserted,  no  response;  injection,  no  response. 
Dissection  of  brain,  March  15,  showed: 

Puncture  i.  Not  nearly  to  bottom  of  gray  matter. 

Pimcture  2.  Not  nearly  to  bottom  of  gray  matter. 

Puncture  3.  Reached  to  surface  of  white  matter. 

Puncture  4.  Not  quite  to  bottom  of  gray  matter. 
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The  above  experiment  is  in  accord  with  all  the  others  in  that 
stimulation  did  not  occur  unless  the  solution  reached  at  least  to 
the  inner  surface  of  the  gray  matter.  It  does  not  however 
distinguish  between  osmotic  and  chemical  stimulation.  In  the 
following  experiment  the  effect  must  have  been  chemical  and 
not  osmotic: 

March  17,  1906.  Rabbit;  local  anesthesia  only.  Motor  areas  of  right 
hemisphere  determined  as  usual.  Injection  of  ^  sodium  oxalate  mixed 
with  India  ink. 

Puncture  i.  No  response. 

Puncture  2.  No  response. 

Puncture  3.  Contraction  of  muscles  on  left  side  of  snout. 

Pimcture  4.  Slight  movement  of  foreleg. 

Puncture  5.  No  response. 

Ptmcture  6.  No  response. 

Responses  to  electrical  stimulation  good  at  close  of  experiment. 

Sections  of  brain,  March  19 ,  showed  that  pimctures  3  and  4  reached 
to  the  white  matter;  all  the  others  terminated  in  the  gray  matter. 

I  have  stated  that  in  no  instance  did  stimulation  result  from 
injection  into  the  gray  matter  only,  but  that  stimulation  occurs 
very  promptly  when  the  solution  reaches  the  white  matter.  I 
must  mention  that  in  a  few  Exceptional  cases  no  response  was 
obtained  to  the  deeper  injection.  The  following  was  one  of  the 
most  marked  instances  of  this  sort: 

March  19,  1906.     Rabbit;  local   anesthesia;  right  motor  area  deter- 
mined electrically;  injection  of  ^  sodium  citrate  mixed  with  India  ink. 
Pimcture  i.  No  response. 
Puncture  2.  No  response. 
Puncture  3.  Movement  of  left  side  of  snout. 
Puncture  4.  No  response. 
Puncture  5.  No  response. 
Section,  March  29. 

Pimcture  i.  Terminates  in  gray  matter. 

Puncture  2.  Almost  to  white  matter. 

Punctures  3,  4,  and  5.  All  reached  to  white  matter. 

It  is  well  known  that  barium  salts  act  powerfully  as  nerve 
stimulants.  Experiments  with  barium  chloride  gave  results 
exactly  parallel  to  those  obtained  with  the  calcium  precipitants. 
Stimulation  did  not  occur  when  strong  solutions  were  placed 
upon  the  gray  matter;  contractions  resulted  only  after  the  lapse 
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of  an  interval  apparently  long  enough  to  allow  diffusion  to 
deeper  levels.  Injection  of  a  solution  isosmotic  with  the  blood 
serum  stimtdated  promptly  only  when  the  white  matter  was 
reached. 

5. — Discussion  of  Results. 

The  results  of  these  experiments  justify  the  conclusion  that  the 
gray  matter  is  not  irritable  to  chemical  stimulation.  The  same 
conclusion  holds  for  osmotic  stimulation.  I  have  not  observed 
a  single  fact  which  could  be  interpreted  as  an  indication  of  stimu- 
lation of  the  gray  matter  by  either  of  these  methods.  As  I  have 
already  pointed  out,  the  observations  which  other  authors  have 
described  as  evidence  of  chemical  stimulation  of  the  cortex  are 
based  upon  effects  occurring  after  an  interval  of  many  minutes, 
while  my  observations  show  that  chemical  and  osmotic  stimula- 
tion of  the  white  matter  can  occur  within  a  very  few  seconds. 
If  this  does  not  prove,  as  I  believe  it  does,  that  the  stimulation 
takes  place  in  the  white  and  not  in  the  gray  matter,  it  must  at 
least  prove  that  the  gray  matter  is-  far  less  irritable  than  the 
white  matter. 

It  was  proved  through  the  experiments  of  Goltz^  that  the 
cortex  is  devoid  of  irritability  to  mechanical  injury.  While 
removing  the  gray  matter  of  the  cortex  of  the  motor  area  he 
often  saw  movements  of  the  limbs  of  the  opposite  side.  He 
experimented  to  discover  whether  these  movements  were  pro- 
duced by  more  superficial  or  by  deeper  injuries  and  established 
the  fact  that  contractions  occurred  only  when  the  instruments 
reached  a  depth  of  at  least  four  millimeters  (in  the  dog's  brain) ; 
that  is  to  say,  a  depth  sufficient  to  reach  the  white  matter. 
Professor  Loeb^  in  his  experiments  on  the  brain  confirmed  these 
observations  and  found  like  Goltz  that  when  the  instruments 
touched  the  white  matter  stimulation  promptly  occurred.  The 
absence  of  sensibility  in  the  gray  matter  of  the  cortex  is  also 
thoroughly  well  known  through  clinical  and  surgical  experience. 

Since  the  gray  matter  of  the  cortex  is  inexcitable  to  mechanical, 
chemical,  and  osmotic  stimulation,  the  only  evidence  for  its 
irritability  rests  upon  the  effects  of  electrical  stimulation.     To 

»  Goltz,  Arch.  f.  d.  ges.  Physiol.,  xxvi,  p.  37.  1881. 
»  Personally  communicated. 
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this  evidence  it  has  long  been  objected  that  on  account  of  the 
spreading  of  the  hnes  of  force  it  is  not  possible  to  say  at  what 
level  the  excitation  really  occurs.  Many  attempts,  like  that  of 
BubnoflE  and  Heidenhain/  have  been  made  to  set  aside  this 
objection  but  none  of  them  have  directly  or  unequivocally  proved 
the  electrical  irritability  of  the  cortex.  Moreover  it  is  well 
known  that  when  electrodes  are  placed  upon  the  surface 
of  the  motor  area  the  strength  of  the  stimulus  necessary  to 
produce  a  muscular  response  bears  a  pretty  direct  relation  to 
the  thickness  of  the  cortex.  The  cat  requires  a  stronger  current 
than  the  rabbit,  the  monkey  a  stronger  current  that  the  cat  or 
dog.  This  matter  is  well  summarized  in  the  following  statement 
by  Schaf er  ^ : 

'*  Both  in  the  orang  and  in  man  a  much  greater  strength  of  current 
than  that  employed  for  lower  animals  is  needed  to  provoke  movements, 
a  result  which  appears  to  indicate  that  they  are  caused  by  excitation  not 
of  the  superficial  but  of  the  more  deeply  lying  parts  of  the  cortex  which 
is  much  thicker  than  that  of  the  monkey.  The  convolutions  are  also 
more  excitable  near  their  convexity  than  near  their  bounding  fissures. ' ' 

• 

If  by  the  expression  "the  more  deeply  lying  parts  of  the  cor- 
tex'* one  is  to  understand  the  white  matter,  then  the  results  of 
chemical,  osmotic,  mechanical,  and  electrical  stimulation  are 
in  complete  accord. 

Furthermore  it  seems  probable  from  the  work  of  Loeb  that 
electrical  stimulation  is  only  a  form  of  chemical  stimulation.^ 
For  he  has  shown  that  a  nerve  entirely  insulated  and  placed 
parallel  to  the  spark  discharge  of  a  Toepler-Holtz  machine  will 
cause  contractions  whenever  a  spark  is  produced,  while  no  or 
only  a  minimal  effect  is  produced  if  the  nerve  is  placed  at  right 
angles  to  the  spark  discharge.  Since  in  this  case  no  electrical 
charges  are  withdrawn  from  the  ions,  the  stimulation  can  only 
be  due  to  localized  changes  in  the  concentration  of  the  ions. 
But  the  results  are  the  same  as  if  the  electrodes  had  been  placed 
upon  the  nerve,  hence  in  this  case  also  the  contractions  are 

»  Bubnoff  and  Heidenbain,  Arch,  f.  d.  ges.  Physiol.,  xxvi,  p.  167,  1881. 

>  Sch^er,  Text  Book  of  Physiology,  Edinburgh  and  London,  ii,  p.  748, 
Z898. 

*  Loeb,  Arch.  f.  d.  ges.  Physiol.,  Ixvii,  p.  483,  and  Ixix, p.  99,  1897;  ^^- 
printed  in  Studies  in  General  Physiology,  ii,  p.  482,  1905;  Univ.  of  Cali- 
fornia Publications,  Physiology,  iii,  p.  9,  1906. 
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caused  by  changes  in  the  concentration  of  the  ions.  He  has 
also  shown  that  the  increase  of  irritability  at  the  cathode  can 
be  imitated  by  immersing  a  nerve  or  muscle  in  a  solution  of  a 
sodium  salt  whose  anions  tend  to  precipitate  calcium,  e,g.  the 
oxalate,  citrate,  fluoride,  phosphate,  etc.,  and  that  when  this 
condition  is  produced  the  tissue  may  be  restored  to  normal  or 
lowered  irritability  by  adding  a  sufficient  quantity  of  calcium 
(or  magnesium)  chloride.^  It  follows  that  an  increase  of  free 
calcium  (or  magnesium)  ions  causes  a  condition  of  diminished 
irritability,  corresponding  to  the  anelectrotonus  caused  by  the 
galvanic  current,  while  a  decrease  in  the  concentration  of  these 
ions  brings  about  a  condition  similar  to  the  catelectrotonus 
caused  by  the  galvanic  current.  He  then  raised  the  question 
whether  the  effect  of  the  current  could  be  to  increase  the  con- 
centration of  the  free  calcium  (and  magnesium)  ions  at  the 
anode  and  decrease  it  at  the  cathode;  and  showed  that  this  is 
probable  from  the  following  considerations^:  Changes  in  con- 
centration of  the  various  ions  in  the  neighborhood  of  the  elec- 
trodes depend  primarily  on  their  migration  velocities.  For  the 
anions  occurring  in  muscle  and  nerve  this  velocity  varies  very 
considerably;  the  chlorine  ion  has  a  relatively  high  velocity 
(65.4),  while  the  anions  of  the  organic  acids  which  must  be 
present,  such  as  oleate,  stearate,  palmitate,  and  lactate,  have  a 
very  small  velocity,  probably  below  30. ,  On  account  of  these 
differences  in  the  velocity  of  the  ions,  more  chlorine  ions  than 
oleate,  palmitate,  etc.,  must  leave  the  neighborhood  of  the 
cathode  in  a  unit  of  time,  and  hence  in  the  region  of  the  cathode 
the  effect  of  the  current  must  be  to  bring  about  a  relative  increase 
in  the  concentration  of  the  calcium  precipitants,  that  is,  an  effect 
of  the  same  nature  as  that  which  occurs  when  the  nerve  is  placed 
in  a  solution  of  sodium  oxalate,  citrate,  fluoride,  etc.  On  the 
other  hand  a  relatively  larger  proportion  of  the  chlorine  ions 
must  migrate  to  and  collect  at  the  anode  in  a  unit  of  time,  thus 
increasing  the  concentration  of  the  very  soluble  and  highly 
dissociated  calcium  chloride.-' 

»  Loeb,  Amer.  Journ.  of  Physiol.,  w^  p.  362,  190 1;  reprinted  in  Studies 
in  General  Physiology ,  ii,  p.  692,  1905. 

»  Loeb,  Univ.  of  California  Publications,  Physiology,  iii,  p.  13,  1905. 

*  Nemst  has  also  by  another  method  arrived  at  the  conclusion  that  an 
electric  current  stimulates  only  by  causing  changes  in  the  concentration 
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If  then  it  be  true,  as  I  believe  the  above  considerations 
clearly  demonstrate,  that  electrical  stimulation  is  of  the  same 
nature  as  chemical  stimulation,  it  is  highly  improbable  that 
the  gray  matter  is  excitable  to  the  one  and  inexcitable  to  the 
other. 

Bethe's  ^  experiments  on  the  nervous  system  of  the  crab  seem 
to  show  that  reflexes  can  occur  without  the  intervention  of  the 
cell  bodies  of  the  ganglion  cells.  In  my  experiments  on  the  cortex 
it  has,  of  course,  been  impossible  to  discriminate  between  cell 
bodies  and  fibers.  But  this  much  is  clear,  that  the  cortex, 
composed  in  large  proportion  of  cell  bodies,  is  either  far  less 
irritable  than  the  white  matter,  composed  mainly  of  fibers,  or  is 
wholly  unirritable. 

SUMMARY. 

Briefly  summarized  the  results  of  my  experiments  are  as 
follows: 

1.  Substances  applied  to  the  surface  of  the  cortex  either 
give  no  indication  of  stimulation,  or  do  so  after  so  long  an 
interval  that  they  would  have  time  to  act  osmotically  or  by  diffu- 
sion upon  the  underlying  white  matter. 

2.  The  white  matter  of  the  motor    areas  can  be  stimulated 

« 

chemically  by  the  calcium  precipitants  and  by  barium  chloride 
in  solutions  isosmotic  with  the  blood  serum.  The  response  to 
such  stimulation  is  very  prompt,  occurring  within  a  few  seconds 
at  most,  after  application  of  the  solution.  The  same  substances 
when  applied  in  the  same  concentration  to  the  cortex  give  no 
result  at  all  or  only  after  an  interval  of  some  minutes. 

3.  Solutions  of  high  concentration  can  stimulate  the  white 
matter  by  osmotic  action  very  promptly  and  effectively. 

4.  When  solutions  are  injected  into  the  gray  matter  but  not  so 
deeply  as  to  reach  the  white  matter  no  evidence  of  stimulation 
is  seen.  The  gray  matter  is  apparently  devoid  of  irritability  to 
chemical  and  osmotic  stimulation  as  well  as  to  mechanical  and 
electrical  stimulation. 

of  the  ions.     Nemst,  Nachrichi.  d,  Gesellsch.  d,  Wissensch.  z.  Gdttingen, 
p.  X04,  1899,  ^^d  Nemst  and  Barratt,  Zeitschr,  /.  Electrochem.,  x,  p.  664, 
1904. 
*  Bethe,  Biolog.  Centralbl,,  xviii,  p.  843,  1898. 
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That  temperature  influences  muscular  contraction  is  a  fact 
that  has  long  since  been  accepted  by  physiologists.  That  the 
process  or  processes  underlying  muscular  contraction  are  chemi- 
cal in  their  nature  is  pretty  generally  accepted,  although  to  my 
knowledge  nothing  has  been  done  to  bring  these  processes  into 
accord  with  the  physical  chendcal  fact  that  for  every  ten  degrees' 
rise  of  temperature  the  velocity  of  a  reaction  is  doubled  or 
trebled. 

In  his  lectures  on  physical  chemistry,  Cohen  ^  quotes  the 
results  of  experiments  made  by  Clausen  2,  on  the  production  of 
carbon  dioxide  by  germinating  seeds  and  points  out  that  between 
o®  and  25®,  the  amount  of  carbon  dioxide  expired  "increases 
in  all  cases  about  2.5-fold.**  He  also  takes  the  results  of 
Hertwig's  ^  experiments  on  the  influence  of  temperature  upon 
the  rate  of  development  of  the  eggs  of  Rana  and  gets  similar 
results.  Abegg  *  gives  the  results  of  experiments  made  at  his 
suggestion  by  Dr.  Peter,  on  the  eggs  of  Echinus  fnicrotuber' 
culatus,  and  of  SphcBrechinus  gramdaris.  Later  ^  he  quotes  a 
table  of  carbon  dioxide  production  in  frogs.  His  quotients 
are  about  2.  R.  O.  Herzog  ^  has  obtained  similar  results  for 
yeast. 

«  Cohen,  E.,  Physical  Chemistry  for  Physicians  and  Biologists,  Trans- 
lated by  Fischer,  1903. 

2  Von  Clausen,  Landwirtsch.  Jahrb.,  xix,  p.  893. 

*  Hertwig,  O.,  Arch,  f.  mikroskop,  Anat.  u,  Eniwicklungsgesch.,  li,  p.  319. 

*  R.  Abegg,  Zeitschr.  f.  Elektrochem.,  xxxiii,  p.  528,  1905. 

*  Ibid.,  xlvi,  p.  823,  1905. 

*  R.  O.  Herzog,  ibid.,  xlvi,  p.  820,  1905. 
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It  has  been  an  idea  of  Prof.  Loeb*s  for  some  time  that  this 
same  method  might  be  applied  to  other  physiological  phenomena. 
In  the  case  of  the  heart-beat,  for  instance,  he  reasoned  that  if 
the  process  underlying  it  was  chemical,  the  number  of  beats 
in  a  given  time  ought  to  be  doubled,  or  nearly  so,  for  each  ten 
d^rees  *  rise  of  temperature.  In  order  to  determine  this,  Snyder  ^ 
undertook,  at  Dr.  Loeb's  suggestion,  some  experiments  on  the 
heart  of  the  Pacific  Terrapin.  He  found  that  when  such  a 
heart  was  subjected  to  various  temperatures,  its  beats  were 
accelerated  in  an  orderly  manner,  his  figures  showing  that  for 
every  ten  d^rees  rise  of  temperature  the  heart-beat  was  about 
doubled,  corresponding  to  the  formula  of  van't    Hoff^    and 

A    1,     •     ,  Velocity  at  Tn  +  10  1,       a>      x 

Arrhemus,^  — ,,  ,   \^ 7-7?: ■»  2  or  3,  where  T  =  tempera- 
Velocity  at  Tn  ^  ^ 

ture. 

It  at  once  became  evident  that  in  all  probability  striped 
muscle  would  behave  in  a  similar  manner;  and  in  order  to  test 
it,  I  undertook  some  experiments  on  frog's  muscle  with  the 
following  results: 

The  gastrocnemius  muscle  of  the  frog  was  mainly  used, 
although  others  (sartorius,  triceps  femoris)  have  been  used  with 
similar  results.  The  muscle  was  prepared  in  the  usual  manner 
(without  the  sciatic  in  the  case  of  the  gastrocnemius)  and 
attached  to  a  recording  lever,  weighted  with  10  grams  (5  grams 
for  sartorius).  Platinum  wire  electrodes  were  attached  to  the 
extremities  of  the  muscle,  which  was  stimulated  directly  by  a 
break  induction  shock  of  medium  intensity,  a  "knock-over" 
key  being  attached  to  the  upright  of  the  kymograph.  A  pin 
projecting  from  the  lower  margin  of  the  drum  served  to  knock 
over  the  key,  which  was  in  the  primary  circuit.  A  Du  Bois- 
Reymond  key  was  in  the  secondary  circuit.  The  kymograph 
used  was  of  the  Cambridge  pattern.  The  muscle  was  im- 
mersed in  a  solution  of  sodium  choloride  made  up  with  tap 
water,   of  f    concentration,   and   this   solution   was    kept    at 

>  Snyder,  Chas.  D.,  Univ.  of  California  Publications,  Physiology,  ii, 
p.  125. 

>  Van't    Hoff,  J.  H.,  Vorlesungen   aber   theoretische   u,    physikalische 

Chemie,  1898,  i,  p.  224. 

*  Arrhenius,  S.,  Zeitschr  f.  physik.  Chem,,  iv,  p.  aa6,  1899. 
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the  formula 


2  or  3  must  be  reversed 


various  temperatures  ten  d^rees  apart  within  the  limits  of 
safety.  According  to  the  size  of  the  muscle,  it  was  allowed  to 
remain  from  three  to  five  minutes  in  the  solution  at  a  given 
temperattire  before  stimulating.  The  time  tracing  was  made 
with  a  tuning  fork  vibrating  one  hundred  to  the  second;  drum 
rapid.     One  Edison-LaLande  cell  furnished  the  current. 

The  length  of  the  latent  period  was  made  the  basis  of  calcula- 
tion, the  shorter  the  latent  period  the  more  rapid  being  the 
reaction.     Obviously,  as  we  are  here  dealing  with  a  time  interval, 

Velocity  at  Tn  -h  lo 
Velocity  at  Tw 

in  order  to  obtain  quotients  that  will  be  comparable  with  the 
observations  of  physical  chemists,   and  the   formula  for  our 

-  Latent  period  at  Tn 

purpose  becomes  7—- — ^— t — —z= — ; ==  2  or  3. 

^     ^  Latent  period  at  T»  +   10  *^ 

The  table  which  follows  gives  the  results  of  fifteen  experi- 
ments and  is  considered  all  that  is  necessary,  as  a  description 
of  the  technique  is  really  a  description  of  the  experiments,  and 
muscle  curves  are  too  familiar  to  physiologists  for  me  to  dwell 
upon  them  here.  Under  the  head  of  remarks  it  will  be  noticed 
that  muscles  were  sometimes  used  two  days  in  succession,  and 
rqEjardless  of  their  condition.  This  was  done  purposely  in  order 
to  ascertain  what  difference,  if  any,  the  age  of  the  muscle  would 
give  rise  to.  As  will  be  seen,  about  the  only  difference  was  in 
a  lengthening  of  the  latent  period;  the  quotients  do  not  differ 
markedly.  Experiments  8  and  9  were  made  in  a  muscle  warmer 
instead  of  the  tap- water  saline  solution. 


No.  of  Ex- 
periment. 


2A 


2B 


Temperature 


5*^0 
15°" 
25°" 

5°C 
15°" 
25°" 

10°C 
20°" 
30°" 


Latent  Period 
in  Seconds. 


.  0225 
.0161 
.0073 

.038 
.012 
.0086 

.023 

.01 

.0083 


Ratio. 


1.4 
2.2 


3.17 
1.4 


2.3 
1.2 


Remarks. 


Gastrocnemius  of 
frog. 


Same  mtiscle  as  Ex. 
1  having  been  in  tap- 
water  saline  24  hrs. 

Same  muscle  as  Ex. 
1  having  been  in  tap- 
water  saline  24  hrs. 
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No.  of  Ex- 

Temperature. 

Latent  Period 

Ratio. 

Remarks 

periment. 

in  Seconds. 

2C 

3°C 

.034 

The     gastrocnemius 

i« 

13°" 

.0205 

1.66 

was  from  a  frog  that 

1 1 

23°" 

.0077 

2.66 

had  been  pithed  the 

« t 

33°" 

.006 

1.28 

day  before. 

3A 

3°C 

.0165 

•i 

13°" 

.0094 

1.76 

«i 

23°" 

.0062 

1I.52 

Fresh  gastrocnemius. 

it 

33°" 

.0037 

1.68 

3B 

10°C 

.0087 

it 

20°" 

.0062 

1.41 

Fresh  gastrocnemius. 

•i 

30°" 

.0037 

1.68 

4 

10°C 

.0177 

Same   muscle   as   in 

t  • 

20°" 

.0068 

2.6 

3B  after  24  hrs.   in 

i  I 

30°" 

.0065      • 

1.24 

tap-water  sahne. 

5A 

3°C 

.0231 

•  t 

13°" 

.0138 

1.67 

•  « 

23°" 

.0062 

2.23 

Fresh  gastrocnemius. 

1 1 

33°" 

.005 

1.24 

<4 

10**" 

.0137 

tt 

20°" 

.0075 

1.83 

« 

i< 

30°" 

.0058 

1.29 

6b 

5°C 

.0238 

<( 

15°" 

.01 

2.38 

<t 

25°" 

.0053 

1.89 

Fresh  gastrocnemius. 

i« 

35°" 

.0062 

0.85 

6 

3°C 

.   I    .0687 

•1 

13°" 

.016 

4.29 

Same  muscle   as   in 

t« 

23°" 

.0065 

2.46 

5A  and   B  after  24 

ti 

33°" 

.005 

1.3 

hours    in    tap-water 

<i 

10°" 

.0165 

saline. 

«• 

20°" 

.0083 

1.99 

it 

30°" 

.005 

1.66 

7 

2°C 

.0825 

ti 

12°" 

.036 

2.29 

it 

22°" 

.0237 

1.52 

Fresh  gastrocnemius. 

it 

32°" 

.01 

2  37 

« 

8 

3°C 

.036 

<( 

13°" 

.01 

3.6 

This    gastrocnemius 

tt 

23°" 

.0057 

1.75 

was  in  poor  condition 

tt 

33°" 

.0057 

1.0 

having  a  large  spot 
of  eccnymosis. 

9 

5°C 

.053V 

«4 

15°" 

.0184 

2.9 

•  < 

250i. 

.0092 

2.0 

Triceps   femoris. 

I* 

35°" 

.006 

1.55 
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No.  of  Bx- 

Temperature 

Latent  Period 

Ratio. 

Remarks. 

in  Seconds. 

lOA 

5**C 

.0472 

•• 

15«*" 

.02 

2.36 

Sartorius. 

•• 

250.. 

.012 

1.67 

(« 

35**" 

.012 

1.0 

lOB 

2<»C 

.56 

« • 

12*»" 

.0255 

2.4 

Sartorius. 

«< 

22**" 

.0155 

165 

(» 

32**" 

.0137 

113 

11 

5**C 

.045 

Triceps  femoris  mus- 
cle. This  muscle  was 

«• 

15**" 

.0111 

4.09 

«i 

25**" 

.005 

2.22 

unavoidably  exposed 

*< 

35**" 

.0087 

0.57 

about  J  hr.  to  temp, 
of  5**;  the  latent  pe- 
riod as  is  seen  was 
vexy  much  prolonged 

12 

2**C 

.37 

tt 

12**" 

.0168 

2.2 

•« 

22®" 

.011 

1.53 

Gastrocnemius. 

«* 

32**" 

.0087 

1.26 

13 

2**C 

.066 

« 

12**" 

.03 

2.2 

tt 

22**" 

.017 

1.76 

Same  as  above. 

<• 

32**" 

.012 

1.42 

^ 

14 

3**C 

.0987 

•• 

I30M 

.0225 

4.39 

tt 

23**" 

.012 

1.87 

Triceps  femoris. 

••  • 

33**" 

.007 

1.71 

15 

3*»C 

.0622 

•   *• 

13**" 

.042 

48 

tt 

23**" 

.0145 

2.89 

Gastrocnemius. 

tt 

33**" 

.0105 

1.38 

ISA 

2**C 

.0342 

•« 

12**" 

.0268 

1.28 

•• 

22**" 

.012 

2.23 

Gastrocnemius. 

it 

32**" 

.0081 

1.48 

15B 

5°C 

.0394 

•  1 

15**" 

.0212 

1.86 

t» 

25**" 

.01 

2.12 

Same  as  above. 

tt 

35**" 

.007 

1.42 

15C 

10**C 

.0292 

tt 

20**" 

.0161 

1.81 

Same  as  above. 

tt 

30**" 

Oil 

1.46 

In   order  to  gain  a  more   comprehensive  view  of  these  re- 
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suits,  the  quotients  are  placed  in  columns   in   the   following 
table. 

TABLE  OP  QUOTIBNTS. 

Centigrade. 


25-35 


2-12 

3-13 

5-15 

10-20 

12-22 

13-23 

15-25 

20-30 

22-32 

23-33 

2.29 

1.66 

1.4 

2.3 

1.52 

2.66 

2.2 

1.2 

2.37 

1.28 

2.19 

1.77 

3.17 

1.4 

1.65 

1.52 

1.4 

1.68 

1.13 

1.68 

2.2 

1.67 

2.38 

2.6 

1.53 

2.23 

1.9 

1.24 

1.26 

1.24 

2.2 

4.29 

2.9 

1.83 

1.76 

2.46 

2. 

1.29 

1.42 

1.3 

1.23 

3.6 

2.36 

1.99 

2  23 

1.76 

1.67 

1.66 

1.48 

1. 

4.35 

4.05 

1.81 

1.87 

2.22 

1.46 

1.71 

1.48 

1.86 

2.89 

2.12 

1.38 

.85 
1.53 

.57 
1.43 


Making  allowance  for  experimental  error  due  to  the  crudeness 
of  technique  where  such  delicate  reactions  are  involved,  a  glance 
at  the  above  table  shows  that  within  certain  narrow  limits  of 
temperature,  from  lo**  to  25®,  the  figures  approximate  those  of 
observers  in  other  fields.  In  only  two  instances  do  the  figures 
go  below  1 . 5  and  in  most  cases  they  are  close  to  2  or  between 
2  and  3.  Above  25^  the  quotients  fall  off  noticeably,  reaching 
a  minimum  at  35^.  Below  10®  there  is  considerable  irr^ularity, 
the  quotients  ranging  from  i .4  to  4.35.  These  high  figxires  are 
due  to  the  enormous  lengthening  of  the  latent  period  at  low 
temperatures,  and  when  one  considers  that  a  rise  of  the  ten  degrees 
brings  the  muscle  within  what  might  be  termed  the  optimum 
limits  of  temperature,  the  wonder  is  that  all  the  quotients  are 
not  high  between  2^  and  12^  and  3®  and  13**.  Then,  too,  the 
condition  of  the  muscle  may  have  something  to  do  with  it.  In 
Experiment  2  A  (3.17)  and  Experiment  6  (4.29),  the  muscles 
were  twenty-four  hours  old.  In  Experiment  8  (3.6)  the  muscle 
had  evidently  been  bruised.  In  11  (4.09)  and  14  (4.39),  the 
triceps  was  from  a  frog  that  had  been  pithed  several  hours 
before  and  had  been  exposed  carelessly  while  the  gastrocnemius 
was  being  used.  These  facts  are  given  simply  for  what  they  are 
worth — a  suggestion  of  a  possible  cause  for  the  high  quotients. 
As  these  figures  do  not  appear  under  any  other  conditions  than 
low  temperature  and  doubtful  condition  of  the  muscles,  it  seems 
a  plausible  explanation. 

The  question  naturally  su^ests  itself,  "Is  the  latent  period 
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constant  for  all  mtiscles  at  a  given  temperattire,  or  does  it  vary 
with  the  individual  muscle?"  At  first  glance  it  would  seem  as 
if  it  might  be  so,  but  on  closer  inspection  the  differences  in  the 
latent  period  not  only  of  different  muscles  but  of  the  same 
muscle  at  different  times  renders  a  n^ative  answer  necessary, 
tentatively  at  least. 

In  conclusion  it  would  seem  quite  certain  that  the  funda- 
mental principle  underlying  the  contraction  of  striped  muscle  is 
a  chemical  one  and  that  its  reaction  velocity  is  influenced  by 
temperature  much  in  the  same  way  as  are  other  chemical  re- 
actions. One  might  go  further  and  point  out  that  cold  retards 
this  reaction,  that  within  certain  limits  a  rise  of  temperature 
approximately  doubles  its  velocity,  which  again  falls  with  a 
further  increase  of  temperature.  Is  not  this  analogous  to  a 
ferment? 

I  wish  to  thank  Dr.  Loeb  for  his  kindly  interest  and  also  the 
various  members  of  the  Physiological  Department  for  their 
helpful  suggestions  from  time  to  time. 
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(Received  for  publication,  May  la,  1906.) 

Since  Kossel  ^  first  intimated  that  organic  phosphorus  was  of 
importance  as  a  food  for  the  organism,  considerable  work  has 
been  undertaken  by  various  scientists  to  determine  the  rdle 
which  organic  and  inorganic  phosphorus  respectively  play  on 
the  digestibility  of  the  proteids  and  on  the  amotmts  of  phosphorus 
absorbed  and  retained  by  the  body. 

Rohmann  ^  and  his  school  (Marcuse  ^  Steinitz,*  Leipsiger,^ 
Zadik,^  et  al.)  have  all  proceeded  on  the  hypothesis  that  the 
organism  is  incapable  of  forming  synthetically  the  phosphorus- 
containing  proteids  necessary  for  the  life  of  the  cells  out  of 
phosphorus-free  proteids  and  inorganic  phosphates.  Although 
these  experimenters  have  produced  a  mass  of  evidence  tending 
to  corroborate  their  hypothesis,  they  have  been  opposed  by 
Keller,^  who  was  able  to  obtain  a  plus  phosphorus  balance  on 
feeding  a  phosphorus-free  food  together  with  inorganic  phos- 
phates, and  by  Gev^rts,®  who  stated  that  only  the  phosphates 
of  the  food  can  be  absorbed  and  that  from  these  phosphates  the 
cells  of  the  body  synthesize  lecithin,  nuclein,  and  other  phos- 
phorus compounds 

The  authors  being  especially  interested  in  the  development 
and  production  of  cereals,  plants  which  contain  phosphorus  in 
considerable  quantities,  it  seemed  desirable  to  study  the  r61e 
which  this  phosphorus  plays  in  nutrition. 

>  Monatsh.  f.  Geburtshilfe  u.  GynaekoL,  i,  p.  175. 
»  Berl.  klin.  Wochenschr.,  No.  36,  p.  789,  1898. 
»  Arch,  f.  d,  ges.  PhysioL,  Ixiv,  p.  223,  1896. 
<  Ibid.,    Ixxii,  p.  75,  1898. 

s  Ibid,,  Ixxviii,  p.  402,  1899;  Inaug.  Dissert.,  Breslau,  1900. 
•  Arch,  f.  d.  ges.  Physiol.,  Ixxvii,  p.  10,  1899. 
»  Arch,  f,  KinderheUk.,  1900. 
»  Jahresber.  f.  Thierchem.,   xxxi,  p.  732,  1901. 
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According  to  the  recent  work  of  Hart  ^  and  Andrews,  the 
phosphorus  occurring  in  cereals  is  ahnost  entirely  in  the  organic 
form,  ^.  g.,  in  wheat  as  a  calcium-magnesium-potassium  com- 
pound of  anhydrooxymethylenediphosphoric  acid,  first  isolated 
by  Postemak.^  When  it  is  considered  that  approximately  one 
per  cent,  of  wheat  consists  of  phosphoric  acid  and  that  this 
same  acid  in  wheat-bran  amoimts  to  over  three  per  cent.,  and 
that  this  laige  quantity  of  phosphoric  acid  united  to  calcium- 
magnesitmi-potassitmi  as  an  organic  compotmd  is  virtually 
treated  as  a  refuse  product  in  so  far  as  human  nutrition  is  con- 
cerned, thereby  robbing  the  organism  of  a  valuable  food  con- 
stituent, then  it  becomes  of  importance  to  investigate  the  rdle 
played  by  this  phosphorus  in  metabolism.  For  that  purpose 
it  was  decided  to  conduct  feeding  experiments,  using  both  rabbits 
and  dogs,  as  representatives  of  the  herbivorous  and  carnivorous 
families  respectively,  feeding  them  phosphorus  in  the  form  of 
disoditmi  phosphate  and  then  again  in  various  organic  forms 
such  as  occur  in  wheat-bran  and  in  ^g-yolk. 

Two  rabbits  were  selected,  one  a  black  female  weighing 
about  i6bo  grams,  the  other  a  white  male  whose  weight  at  the 
b^inning  of  the  experiment  was  2500  grams. 

Each  rabbit  was  confined  in  a  suitable  wire  cage  which  allowed 
the  feces  and  urine  to  be  easily  separated.  The  experiments 
covered  five-day  periods  with  three  distinct  kinds  of  food: 

I.  (a)   Normal  food:  oats,  com,  carrots. 

(b)  Oats,  com,  carrots  plus  inorganic  phosphorus. 

(c)  Oats,  com,  carrots  plus  organic  phosphorus. 

II.  Artificial  food  or  phosphorus-poor  food  (edestin,  crackers, 

carrots,  starch,  sugar): 

(a)  Plus  organic  phosphorus. 

(b)  Plus  inorganic  phosphorus. 

III.  (a)    Normal  bran  plus  carrots  and  starch. 

(b)   Phosphorus-poor  bran  ^  plus  carrots,  starch,  and  in- 
organic phosphorus. 

« N,  y.  Agr.  Exp.  Sto.  Bull,,  238. 

^Rtv.  gin,  de  botan.,  xii,  p.  5,  190c. 

*Th2S  was  ordinary  wheat-bran  which  had  been  extracted  with  0.2 
per  cent.  HCl.  The  extracted  bran  thus  obtained  contained  about  0.3 
per  cent,  of  PaOs. 
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(c)  Phosphorus-poor  bran  plus  carrots,  starch,  and  or- 
ganic phosphorus. 

In  all  experiments  one  gram  of  salt  mixture  (consisting  of 
450  grams  of  sugar,  4  granas  of  CaCl2,  15  grams  of  NaCl,  30 
grams  of  KCl,  and  i  gram  of  MgSO*)  was  given  per  diem. 

After  bringing  the  rabbits  to  a  nitrogenous  equilibrium,  the 
experiments  were  commenced.  The  feces  were  collected  at 
frequent  intervals  during  the  day,  owing  to  the  fact  that  the 
rabbits  persistently  eat  them.  The  urine  and  food  residues 
were  collected  daily.  AH  these  samples  were  composited  and 
analyzed:  the  nitrogen  in  the  foods,  feces,  and  urine  according 
to  the  Gunning  method  ^  and  the  phosphoric  acid  in  the  food 
and  feces  by  Neumann's  ^  method ;  the  phosphoric  acid  in  the 
urine  was  determined  by  both  the  uranium  acetate  method  and 
the  method  of  fusion  with  sodium  hydroxide,  precipitation  \vith 
ammonium  molybdate,  and  titration  of  the  yellow  precipitate. 

In  this  way  a  check  on  the  nitrogen  and  on  the  phosphoric  acid 
in  the  urine  was  obtained,  and  besides  this  check  the  double 
determination  of  phosphoric  acid  served  as  an  indication  of  the 
presence  of  any  organic  phosphorus  that  might  be  found  therein. 

In  order  to  show  the  the  difference  between  the  results  obtained 
by  the  uranium  acetate  and  the  fusion  methods  of  determining 
phosphorus  in  urine,  the  following  average  figures  obtained 
during  eight  periods  of  feeding  the  rabbits  and  six  periods  of 
feeding  the  dog,  during  which  phosphorus  was  added  either  in 
the  organic  or  the  inorganic  form,  are  given  below: 


Average  Amounts  of  PjOi  in  Urine  per  Pcrkni. 


Subject 


Black  rabbit 
(8  periods) 

White  rabbit 
(8  periods) 

Dog 

(6  periods) 


Uranium  Acetate 
Method 
Grams  PjOs 


1.340 
1.780 
3.284 


Fusion  Method 
Grams  PjOs 


DitTctrnv^ 


Grams 
P,0, 


1 .  395 
1.833 
3.377 


.  or>.:> 

.053 
.093 


Per 
cent. 


4 
4 
3 


These  results  show  that  from  three  to  four  per  cent,  of  the 

»  All  the  nitrogen  determinations  were  carried  out  by  Mr.  T.  C.  Trescot. 
2  Zeitschr,  f.  physiol.  Chem.,  xxxvii,  p.  115,  1902. 
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phosphorus  in  the  urine  appears  to  be  in  the  organic  form. 
When  it  is  considered,  however,  that  the  variation  of  results  by 
the  two  methods  is  no  greater  when  organic  phosphorus  is  fed 
than  when  inorganic  phosphorus  is  fed  and  that  these  results 
would  in  any  case  be  taken  as  good  duplicates,  we  do  not  feel 
warranted  in  accepting  the  view  that  normal  urine  contains 
organic  phosphorus.  Bergmann  ^  feeding  glycerophosphoric 
acid  was  unable  to  find  any  organic  phosphorus  in  the  urine, 
the  organic  phosphorus  being  all  broken  up  and  excreted  as  an 
inorganic  salt. 

Likewise  a  check  on  the  nitrogen  content  of  the  urines  was 
obtained  by  determining  the  nitrogen  in  the  daily,  and  composite 
samples,  the  results  being  as  follows: 


Average  Amounts  of  Nitrogen  in  Urine  per  Period. 

Subject 

Amounts  from  Com- 
posite Sample 
Grams 

Amount  from  Daily 
Sample 
Grams 

Difference 
Grams 

Black  rabbit 
(7  periods) 

White  rabbit 
(7  periods) 

Dog 

(5  periods) 

• 
4.01 

5.57 

9.54 

3.99 
5.68 
9.69 

+  .02 

—  .01 

—  .15 

It  appears  from  the  above  that  in  the  case  of  the  urines  from 
rabbits,  it  is  necessary  only  to  determine  the  nitrogen  in  the 
composite  sample.  It  is  otherwise,  however,  with  dog  urine. 
Here  there  is  an  appreciable  loss  of  nitrogen  on  standing,  a  loss 
equal  to  1.5  per  cent.  This  is  due  no  doubt  to  the  character 
of  the  food,  giving  rise  in  the  urine  to  bodies  more  easily  decom- 
posable, e,  g.f  urea,  ammonia,  etc.  In  no  case  was  any  pre- 
servative added  to  the  urine. 

The  amounts  of  nitrogen  and  phosphoric  acid  found  in  the 
food  residues  were  subtracted  from  those  of  the  food  given, 
so  that  the  figures  given  in  the  tables  represent  only  the  nitro- 
gen and  phosphoric  acid  ingested. 

EXPERIMENT  I,  a,  b,  C. 

In  Experiment  I,  a,  the  black  rabbit  received  per  diem  35 
^Arch.  f.  exper.  Path,  u,  Pharm.^  xlii,  p.  77,  1902. 
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grams  of  oats,  15  grams  of  com,  and  35  grams  of  carrots;  the 
white  one  getting  50  grams  of  oats,  20  grams  of  com,  and  50 
grams  of  carrots.  Each  was  given  one  gram  of  salt  mixture 
daily. 

In  Experiment  I,  b  and  c,  the  same  basal  food  was  given  as 
in  I,  a.  In  I,  b,  however,  an  added  amount  of  inorganic  phos- 
phoric acid^  in  the  form  of  a  mixture  of  sodium  dihydrogen 
phosphate  and  disodium  hydrogen  phosphate  was  given  equal 
to  1.157  grams,-and  in  I,  c,  1.258  grams  of  phosphoric  acid  were 
given  to  each  rabbit  in  the  form  of  the  calcium-magnesium- 
potassium  salt  of  anhydrooxymethylenediphosphoric  acid  ob- 
tained from  wheat-bran.  The  results  obtained  are  given  in 
Table  I. 

During  the  normal  Period,  I,  a,  the  rabbits  remained  constant 
in  -weight  and  each  showed  a  plus  nitrogen  and  a  plus  phosphorus 
balance.  The  same  is  to  be  noted  in  Periods  I,  b,  and  I,  c, 
where  an  extra  amount  of  phosphorus  in  the  inorganic  and  in 
the  organic  form  respectively  was  added. 

These  three  periods  indicate  that  when  there  is  a  sufficiency 
of  phosphorus  in  the  food  for  the  needs  of  the  body,  the  addition 
of  more  phosphorus,  whether  in  the  form  of  inorganic  or  organic, 
does  not  influence  the  results  in  any  conclusive  manner,  e.  g., 
there  is  an  apparent  increase  in  the  digestibility  of  the  protein 
when  organic  phosphorus  is  fed  to  the  black  rabbit,  whereas  the 
reverse  is  apparently  true  in  the  case  of  the  white  rabbit.  From 
the  amount  of  phosphorus  excreted  in  the  feces,  the  figures  show 
that  the  phosphorus  is  not  so  well  utilized  by  the  body  as  is  the 
nitrogen.  Whereas  the  nitrogen  is  digested  to  the  extent  of 
71.7  to  85.6  per  cent.,  the  phosphorus  is  only  absorbed  from 
55  to  83  per  cent.,  thus  confirming  the  results  of  Zadik  ^  and 
others. 

In  the  normal  period,  I,  a,  the  ratio  N  :  P2OS  in  food  and 
feces  would  indicate  that  whereas  in  the  food  there  is  twice  as 
much  nitrogen  as  phosphoric  acid,  the  relative  amounts  in  the 
feces  are  practically  the  same,  indicating  that  the  nitrogen  has 
been  absorbed  to  a  greater  degree  from  the  intestinal  canal. 
In  the  periods,  I,  b  and  c,  owing  to  the  added  amounts  of  phos- 

«  The  inorganic  phosphorus  in  solution  was  given  per  os  daily. 
2  .Arch.  /.  d.  ges,  Physiol.,  Ixxvii,  p.  i,  1899. 
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phonis,  this  fact  is  not  brought  out.  Rather  is  there  an  indica- 
tion that  relatively  more  phosphoric  acid  has  been  excreted  in 
the  feces. 

EXPERIMENT  II,  a,  b. 

During  this  series  of  observations  the  food  was  as  free  from 
phosphoric  acid  as  it  was  possible  to  obtain  it.  The  basal 
nitrogenous  food  used  was  edestin,  obtained  from  hemp  seed 
and  containing  over  15  per  cent,  nitrogen  and  less  than  0.5  per 
cent,  of  phosphoric  acid.  In  Period  II,  a,  organic  phosphorus 
was  added  to  the  phosphorus-poor  food,  whereas  in  II,  b,  the 
phosphorus  was  supplied  in  the  inorganic  form. 

Several  facts  make  the  results  obtained  during  Period  II,  a, 
hard  to  explain.  In  the  first  place,  the  food  is  a  highly  artificial 
one;  next,  as  will  be  seen,  this  period  follows  close  on  to  Period 
I,  c,  where  the  black  and  the  white  rabbit  ingested  3.891  and 
5.096  grams  nitrogen  and  3.188  and  3.851  grams  phosphoric 
acid  respectively.  During  Period  II,  a,  they  not  only  fell  from 
a  high  plane  of  phosphorus-metabolism  to  a  comparatively  low 
one,  i.  e, ,  from  an  ingestion  of  3 .  188  to  i .  740  grams  of  phosphoric 
acid  for  the  black  rabbit  and  from  3.851  to  1.895  grams  of 
phosphoric  acid  in  case  of  the  white  rabbit,  but  the  normal 
amount  of  nitrogen  ingested  in  Period  I,  c,  was  replaced  by  a 
much  higher  nitrogen  intake  in  Period  II,  a,  L  e.,  the  black 
rabbit  ingested  1.909  (5.800-3.891)  grams  of  nitrogen  and  the 
white  rabbit  i .  407  (7 .  503-5 .  096)  grams  of  nitrogen  more  than 
during  the  preceding  period.  It  is  therefore  not  surprising  that 
both  rabbits  give  a  considerable  minus  phosphoric  acid  balance, 
while  at  the  same  time  giving  a  very  slight  plus  nitrogen  balance. 
The  large  amount  of  ingested  nitrogen  stimulated  the  metabolic 
processes  to  such  an  extent  as  to  produce  an  abnormal  nitrogen 
and  phosphoric  acid  excretion.-  That  the  loss  of  phosphoric 
acid  is  to  a  great  extent  due  to  the  too  abundant  supply  of  nitro- 
gen seemed  apparent  when  this  same  experiment  was  repeated 
with  the  black  rabbit  at  a  later  date.  In  this  latter  case 
the  nitrogen  ingested  was  4.510  grams  and  the  phosphoric  acid 
was  1.555  grams,  i.  ^.,  more  nearly  corresponding  to  the  normal 
period.  Under  these  circumstances  a  minus  nitrogen  balance 
was  obtained  and  a  slightly  plus    phosphoric    acid  balance. 
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The  rabbits  remained  practically  constant  in  weight  during 
each  period. 

In  Period  II,  b,  where  the  nitrogen  ingested  was  more  nearly 
normal,  we  find  that  the  influence  of  the  inorganic  phosphorus 
has  produced  not  only  a  minus  phosphorus  balance  but  a  minus 
nitrogen  balance  in  the  case  of  both  rabbits. 

The  per  cent,  of  the  absorbed  nitrogen  retained  in  the  body 
is  much  larger  when  organic  phosphorus  is  fed  than  in  the  case 
where  inorganic  phosphorus  is  given.  Although  a  very  slight 
amount  of  nitrogen  was  ingested  in  II,  a,  the  amount  retained 
was  extremely  sUght,  indicating,  as  Zadik  ^  showed,  that  the 
nitrogen  balance  bears  no  necessary  relation  to  the  amount  of 
nitrogen  fed. 

In  Period  II,  b,  the  black  rabbit  appears  to  have  excreted 
o .  06  gram  of  inorganic  phosphoric  acid  in  the  feces.  She  ingested 
0.623  gram  in  the  food  and  was  given  1.145  grams  as  added 
inorganic  phosphoric  acid,  whereas  the  phosphoric  acid  in  the 
feces  amounted  to  0.931  gram.  There  is  a  minus  phosphoric 
acid  balance,  however,  of  0.284  gram.  If  this  be  assumed  to 
have  come  from  the  phosphorus  of  the  body  tissue,  there  is  then 
evidence  of  an  excretion  of  only  0.06  gram  of  inorganic  phos- 
phorus in  the  feces.  This  amount  is,  however,  too  small  for 
any  conclusion  to  be  drawn,  especially  as  this  is  the  only  case 
which  cannot  be  otherwise  explained. 

As  will  be  seen,  this  was  a  highly  artificial  period  and  yet 
the  organic  phosphorus  has  certainly  been  of  more  benefit  in  aid- 
ing the  digestion  of  the  nitrogen  than  the  inorganic  phosphorus. 
In  the  column  marked  "Per  cent,  of  Nitrogen  Digested,"  the 
inorganic  phosphorus  period  shows  a  digestion  of  67 .6  per  cent, 
and  87.4  per  cent,  of  the  protein  for  the  black  and  white  rabbits 
respectively,  whereas  when  organic  phosphorus  was  fed  the 
per  cent,  of  nitrogen  digested  was  increased  to  76  and  93  per 
cent,  respectively. 

During  these  periods  the  N  :  P  2O  5  ratio  is  approximately  the 
same  in  the  urine  as  in  the  food,  showing  that  the  nitrogen 
absorption  did  not  proceed  to  any  greater  extent  than  the 
phosphorus  absorption. 

» Loc,  cit. 
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EXPERIMENT  III,  a,  b,  C. 

During  the  third  series  of  the  experiments  the  object  was  to 
determine  whether  inorganic  phosphorus  could  replace  the  or- 
ganic phosphorus  of  bran.  For  this  purpose,  during  Period 
III,  a,  normal  bran  constituted  the  basal  nitrogen  and  phosphorus 
food.  In  III,  b,  instead  of  using  normal  bran,  the  rabbits  were 
fed  extracted  bran,  i.  e.,  bran  deprived  of  most  of  its  phosphorus 
by  extraction  with  o .  2  per  cent,  hydrochloric  acid,  the  neces- 
sary amount  of  phosphorus  being  supplied  per  os  in  the  form 
of  inorganic  salt  as  in  the  previous  periods.  In  III,  c,  the 
same  bran  as  in  III,  b,  was  used,  the  organic  phosphorus  being 
that  obtained  from  bran  by  extraction  with  o .  2  per  cent,  hydro- 
chloric acid  and  precipitation  with  a  large  volume  of  alcohol. 

In  Girard  and  Lindet*s  work,  ^  the  former  showed  that  when 
bran  is  ingested  it  is  excreted  almost  entirely  unchanged,  i.  e., 
over  90  per  cent,  of  the  nitrogen  is  undigested.  On  the  other 
hand,  the  solubility  of  the  mineral  constituents  amounts  to 
75  per  cent.  Not  only  was  75  per  cent,  of  the  ash  removed 
from  the  bran  by  the  digestive  juices,  but  the  remaining  ash 
contained  no  phosphorus. 

The  results  in  feeding  bran  show  that  the  nitrogen  is  very 
poorly  absorbed,  there  being  a  minus  nitrogen  balance  in  five 
out  of  the  six  cases.  As  regards  the  phosphorus  balance,  how- 
ever, we  find  that  only  when  the  rabbits  are  fed  inorganic 
phosphorus  is  there  any  decided  n^iinus  phosphorus  balance. 
When  the  rabbits  are  fed  organic  phosphorus,  the  phosphorus 
balance  is  a  large  positive  one.  The  influence  of  the  phosphorus 
salt  on  the  nitrogen  digested  is  more  beneficial  in  the  case  of 
organic  than  in  the  case  of  inorganic  phosphorus  feeding,  both 
rabbits  behaving  in  a  similar  manner. 

The  ratio  of  nitrogen  to  phosphoric  acid  in  food,  feces,  and 
urine  is  interesting  as  indicating  a  possible  excretion  of  organic 
phosphorus  in  the  feces,  for  whereas  the  organic  N  :  P2OS  ratio 
in  the  food  is  over  2,  in  the  feces  it  is  only  0.6.  Steinitz  ^ 
called  attention  to  the  possible  presence  of  lecithin  in  the  feces 
in  a  similar  case,  and  Bergmann  ^  suggested  that  organic  phos- 

» Le  Froment  ei  sa  Mouture,  Paris,  1903. 

*  Loc.  ciU 

*  Loc,  cit. 
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phorus  may  be  excreted  through  the  intestinal  tract  instead  of 
through  the  kidneys.  The  organism  seems  incapable  of  dissolv- 
ing and  absorbing  very  large  amotmts  of  phosphorus-rich 
proteids  and,  therefore,  the  N  :  P2OS  ratio  in  the  feces  is  almost 
always  smaller  than  that  in  the  food  and  urine.  In  like  manner 
the  high  N  :  P2OS  ratio  in  the  urine  is  due  to  the  fact  that  the 
nitrogen  absorption  is  greater  than  the  phosphorus  absorption. 

The  per  cent,  of  phosphorus  absorbed  which  was  retained  in 
the  body  appears  to  be  much  greater  under  the  influence  of 
oi^anic  phosphorus  than  of  inorganic  phosphorus.  Under  the 
influence  of  the  inorganic  phosphorus,  not  only  was  all  the  phos- 
phorus excreted  but  an  additional  amount  of  phosphorus  was 
abstracted  from  the  body  tissue.  On  the  other  hand,  the  organic 
phosphorus  produced  an  actual  gain  of  phosphorus  to  the  extent 
of  16.4  to  37.7  per  cent.,  of  the  amount  absorbed. 

In  III,  b,  the  amount  of  phosphoric  acid  in  the  food  was 
0.715  and  o.  766  gram,  respectively,  in  the  case  of  both  rabbits. 
The  added  inorganic  phosphoric  acid  was  1.491  and  1.8 13 
grams,  whereas  the  phosphoric  acid  in  the  feces  was  1.291  and 
1. 3 16  grams  respectively,  or  appreciably  greater  in  both  cases 
than  that  which  was  present  in  the  food.  This  would  seem  to 
indicate  that  some  of  the  added  inorganic  phosphorus  was 
excreted  in  the  feces  as  Paton  ^  and  Meyer  ^  suggest  in  experi- 
ments with  dogs.  When,  however,  it  is  considered  that  there 
was  a  minus  phosphoric  acid  balance  of  0.775  ^^^  0.819 
gram  respectively,  it  may  be  fairly  conjectured  that  the  excess 
of  phosphoric  acid  in  the  feces  did  not  come  from  the  added 
inorganic  phosphoric  acid  as  such,  but  rather  came  from  cata- 
bolic  processes.  This  is  in  agreement  with  Bergmann  ^  that  no 
inorganic  phosphorus  is  excreted  by  the  intestines. 

EXPERIMENTS  WITH  THE  DOG. 

Owing  to  limited  space  our  work  was  confined  to  one  dog,  a 
bitch  of  eight  kilograms  being  selected.  One  of  the  latest 
cages,  the  design  of  Professor  L.  B.  Mendel,  of  the  Sheffield 
Scientific  School,  Yale  University,  was  employed.     The  dog  was 

*  Journ.  of  Physiol.,  xxv,  p.   212,   1900. 

^  Zeitschr,  f.  physioL  Chem.,  xliii,  p.  i,    1904. 

*  Loc.  cit. 
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catheterized  at  the  b^inning  and  end  of  each  period,  the 
feces  separated  by  lampblack  and  the  usual  precautions  which 
the  experiment  demanded  were  employed. 

The  experiments  were  divided  into  the  two  following  general 
periods  ^ : 

IV.  (a)  Normal  food  period:  cracker-dust -starch-lard  mixture, 
dog  biscuit,  chopped  meat. 

(b)  Normal  food  period:  cracker-dust-starch-lard  mixture,  dog 
biscuit,  chopped  meat,  plus  inorganic  phosphates. 

(c)  Normal  food  period:  cracker-dust-starch-lard  mixture,  dog 
biscuit,  chopped  meat,  plus  organic  phosphorus. 

V.  (a)  Phosphorus-free  food:  cracker-dust-starch-Urd  mix- 
ture, egg  albumin,  plus  inorganic  phosphates. 

(b)  Phosphorus-free  food:  cracker-dust-starch-lard  mixture, 
egg  albumin,  plus  organic  phosphorus. 

After  several  days*  confinement  in  order  to  bring  the  dog  into 
nitrogenous  equilibrium  and  to  accustom  the  animal  to  the 
changed  environment,  the  experiment  was  begun  on  January 
1 7th.  The  following  five  days  comprise  the  normal  period.  Dur- 
ing this  period  the  diet  consisted  of  40  grams  of  meat,  43  grams 
of  dog  biscuit,  and  90  grams  of  cracker-dust-lard-starch  mixture 
per  day.  The  total  intake  of  nitrogen  during  this  period  was 
15.986  grams  and  of  phosphoric  acid,  4.50  grams.  The  food 
was  heartily  eaten.  During  the  next  five  days  in  Period  IV,  b, 
to  the  above  food  were  added  3 .  98  grams  of  phosphoric  acid 
in  the  form  of  disodium  pho3phate.  In  Period  IV,  c,  4.32 
grams  of  organic  phosphorus  were  added  to  the  normal  diet. 
This  organic  phosphorus  was  in  the  form  of  calcium-magnesium- 
potassium  salt  of  anhydrooxymethylenediphosphoric  acid. 
Table  II,  Experiment  IV,  shows  the  results  of  these  experiments. 

During  the  normal  period  the  dog  gained  in  weight  0.3 
kilogram  and  accordingly  there  is  a  plus  nitrogen  balance  of 
2.227  grams  (equal  to  0.44  per  diem)  and  a  plus  phosphoric 
acid  balance  of  1.117  grams  (equal  to  0.22  per  diem).  These 
figures  are  considerably  lowered  in  the  inorganic  period,  being 
plus  0.261  in  the  case  of  both  nitrogen  and  phosphoric  acid. 
The  added  inorganic  phosphorus  is  not  only  not  retained  by  the 

•During  each  period,  10  grams  of  salt  mixture  were  given  together  with 
the  food. 
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body  to  any  extent  but  it  seems  to  exert  an  unduly  stimulating 
effect  upon  the  metabolism,  as  seen  in  the  reduced  nitrogen  and 
phosphoric  acid  plus  balances.  We  note  that  the  per  cent,  of 
phosphoric  acid  in  the  feces  during  this  period  is  the  lowest  of 
the  three,  viz.,  23 .8  per  cent.  This  does  not  mean  that  a  larger 
per  cent,  of  phosphorus  has  been  metabolized  but  is  a  simple 
illustration  of  the  osmotic  and  absorptive  power  of  the  intestinal 
cells  and  of  the  power  of  the  kidneys  to  excrete  soluble  com- 
pounds that  are  not  available  or  necessary  to  the  physiological 
needs  of  the  body.  There  is  a  marked  rise  in  the  plus  nitrogen 
and  plus  phosphoric  acid  balances  during  the  organic  period, 
the  excess  of  phosphoric  acid  in  this  case  being  partly  stored  up 
in  the  body  and  also  exerting  a  favorable  effect  on  the  nitrogen 
metabolism.  The  percentages  of  nitrogen  digested  during  these 
three  periods  are  practically  identical.  The  per  cent,  of  absorbed 
nitrogen  retained,  while  greatest  during  the  normal  period,  due 
largely  to  the  fact  that  the  animal  gained  in  weight,  is  markedly 
lowered  during  the  inorganic  phosphoric  acid  feeding  and  is 
in  turn  increased  during  the  organic  phosphorus  feeding. 

The  N  :  P2OS  ratio  is  higher  in  the  urine  than  in  the  food, 
showing  as  Steinitz  ^  has  pointed  out  that  the  nitrogen  excretion 
exceeds  that  of  the  phosphoric  acid. 

The  object  of  the  next  set  of  experiments  was  to  feed  a  phos- 
phoric-acid-free food,  or  one  containing  the  least  possible  amount 
of  phosphoric  acid  and  to  add  to  that  food  inorganic  and  organic 
phosphorus  respectively  in  amounts  sufficient  to  make  the  total 
phosphoric  acid  ingested  equivalent  to  that  fed  in  the  normal 
food.  The  general  criticism  of  experiments  of  this  kind  is  the 
fact  that  the  food  fed  is  an  artificial  food,  but  when  the  same 
food  is  fed,  although  an  unnatural  one,  the  results  are  comparable 
at  least. 

The  food  during  these  periods  was  fed  per  diem  in  the  following 
amounts: 

Cracker-dust-lard-starch  mixture,  100  grams;  egg  albumin, 
21  grams;  to  which  was  added  3.22  grams  of  disodium  phosphate 
or  its  equivalent  in  organic  form. 

The  total  nitrogen  and  phosphoric  acid  ingested  during  the 
five  days  was  approximately  17  grams  and  4.2  grams  respec- 

»  Loc.  ciu 
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tively,  while  during  the  normal  period  the  dog  received  15.98 
grams  of  nitrogen  and  4.5  grams  of  phosphoric  acid.  The 
results  are  collected  in  Table  II,  Experiment  V. 

In  the  inorganic  period,  V,  a,  the  added  phosphorus  was  in 
the  form  of  disodium  phosphate.  The  third  period,  V,  c, 
recorded  above,  is  an  exact  repetition  of  V,  a,  and  the  two  agree 
remarkably  well,  both  the  minus  nitrogen  and  the  minus  phos- 
phoric acid  balances  being  large  and  almost  equal.  In  the  case 
of  the  organic  phosphorus  period,  V,  b,  where  to  the  phosphorus- 
free  food  ^g-yolk  was  added,  the  minus  nitrogen  balance  is 
greatly  reduced  and  instead  of  a  minus  phosphoric  acid  balance 
of  one  gram  or  more  a  plus  phosphoric  acid  balance  of  0.2  gram 
is  noted.  The  fact  that  ^g-yolk  was  fed  during  the  organic 
period,  which  necessitated  a  cutting  down  of  the  amount  of 
egg-albumin  fed  to  10  grams  per  diem,  may  largely  account  for 
the  decrease  of  the  minus  nitrogen  balance,  but  the  plus  phos- 
phoric acid  balance  can  only  be  accredited  to  the  better  assimi- 
lation of  the  organic  phosphorus.  The  per  cent,  of  nitrogen 
digested,  as  seen  in  the  table,  is  highest  during  the  organic  period. 
The  feces  during  this  period  contain  only  6  grams  of  nitrogen, 
while  in  the  inorganic  periods  the  amount  is  much  larger,  due  to 
the  indigestibility  of  the  egg-albumin,  which  could  be  detected 
macroscopically.  The  amount  of  phosphoric  acid  in  the  urine 
in  the  organic  period  is  accordingly  less  than  that  found  in  the 
urine  of  the  inorganic  periods.  This  again  bears  out  our  state- 
ment that  the  amount  of  phosphoric  acid  in  the  urine  is  no 
evidence  of  the  amount  metabolized  but  merely  shows  an  ab- 
sorption and  rapid  elimination  of  the  soluble  inorganic  phos- 
phorus. The  two  last  columns,  showing  the  per  cent,  of  absorbed 
nitrogen  and  phosphoric  acid  retained  are  decidedly  in  favor  of 
the  organic  phosphorus  or  egg-yolk  period.  During  each  of  the 
three  periods  the  animal  showed  a  slight  loss  of  weight,  although 
nitrogen  was  fed  in  the  foods  in  amounts  equal  to  or  exceeding 
that  present  in  the  normal  period.  The  loss  of  weight  during 
this  feeding  is  explained  by  the  inability  of  the  body  to  digest 
and  assimilate  artificial  or  unnatural  foods  to  an  extent  equal 
to  that  of  natural  foods. 

That  egg-albumin  is  a  poor  food  has  been  demonstrated  by 
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Steinitz.^  It  produces  vomiting  and  diarrhoea  but  can  be  used 
as  a  food  for  a  limited  number  of  days,  provided  a  normal  diet 
is  fed  occasionally.  The  N  :  P2O5  ratios  give  some  interesting 
results  both  in  Series  IV  and  V  in  the  organic  period,  it  being 
highest  in  the  feces  and  lowest  in  the  urine.  This  shows  that  the 
organic  phosphorus  at  least  favors  the  absorption  of  nitrogen 
from  the  intestinal  canal.  Noel  Paton  ^  claims  that  in  the  case 
of  dogs  the  greater  part  of  the  phosphoric  acid  is  not  excreted 
through  the  kidneys,  and  Falck  ^  found  that  on  injecting  disodium 
phosphate  only  from  56  to  70  per  cent,  appeared  in  the  urine. 
Our  results  would  show  that  most  of  the  added  phosphorus, 
whether  organic  or  inorganic,  is  excreted  through  the  kidneys. 

CONCLUSIONS. 

From  the  limited  number  of  experiments  carried  out,  evidence 
points  to  the  following: 

(i)  The  amount  of  nitrogen  retained  is  generally  lowered 
by  the  addition  of  inorganic  phosphorus  when  fed  with  a  nor- 
mal food      The  nitrogen  balance  is  not  necessarily  negative. 

(2)  In  the  case  of  phosphorus-poor  food,  the  addition  of 
inorganic  phosphorus  decreases  the  digestibility  of  the  nitrogen 
and  the  nitrogen  and  phosphorus  balances  are  usually  n^ative. 

(3)  Organic  phosphorus  favors  nitrogen  metabolism  and 
increases  the  nitrogen  and  phosphorus  retention,  especially  in 
the  case  of  the  phosphorus-poor  food.  Organic  phosphorus, 
therefore,  i  nore  favorable  to  nitrogen  and  phosphorus  reten- 
tion than  is  inorganic  phosphorus.  The  phosphorus  of  wheat 
bran  appears  to  be  a  most  valuable  food  constituent. 

(4)  The  nitrogen  and  phosphorus  balances  do  not  run  paral- 
lel in  all  cases ;  the  general  tendency  is  in  that  direction. 

(5)  In  no  case  has  there  been  any  retention  of  the  added 
phosphorus,  whether  fed  in  the  organic  or  in  the  inorganic 
form,  when  given  with  a  food  containing  a  normal  amount  of 
phosphorus. 

(6)  In  no  case  was  organic  phosphorus  found  in  the  urine 

» Loc,  cit. 
2  Loc.  cit. 
»  Arch.  f.  path.  Anat.  u.  Physiol.,  liv,  p.  173,  1872. 
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even  when  an  extra  amount  of  organic  phosphorus  was  ingested. 

(7)  The  minus  nitrogen  balances  obtained  during  the  bran 
feeding  periods  agree  with  Girard's  results  on  the  indigestibility 
of  bran  nitrogen  and  corroborate  his  work  on  the  absorption 
of  bran  phosphorus. 

The  authors  wish  to  thank  Dr.  H.  W.  Wiley  for  valuable 
suggestions  and  criticism. 


NITROGENOUS  METABOLISM  AS  AFFECTED  BY  DIET  AND 

BY  ALKALINE  DIURETICS. 

By  H.  D.  HASKINS.  ■ 

(From  the  Physiological  Laboratory,  Western  Reserve  University.) 

(Received  for  publication,  June  17,  1906.) 

Folin's  recent  reports  ^  of  elaborate  analyses  of  normal  urines 
under  various  dietary  conditions  led  us  to  carry  out  the  experi- 
ments described  in  this  and  in  a  following  paper.  Our  reasons 
for  studying  the  effect  of  alkaline  diuretics  will  be  explained 
later  in  the  proper  connection. 

The  subjects  of  the  experiments  reported  here  were  three 
normal  men,  two  of  whom  were  medical  students  and  the  other 
the  ^Titer.  All  three  had  good  muscular  development,  and 
merely  an  ordinary  amotmt  of  fatty  tissue.  All  were  in  perfect 
health  during  the  experiments  except  that  E  had  a  mild  pharyn- 
gitis for  a  day  or  two.  In  reporting  the  body  weight  a  deduction 
was  made  for  the  weight  of  clothing  in  each  case.  Students 
E  and  L  were  undergoing  considerable  mental  exertion  (though 
not  imusual  exertion)  but  very  moderate  muscular  exertion. 
H.  D.  H.,  however,  had  considerable  muscular  exercise  and 
moderate  mental  exertion. 

The  diets  were  purin-free  except  for  Days  13-16  in  the  case  of 
H.  D.  H.  (T^ble  I).  Purin-containing  beverages  and  also 
potatoes  were  strictly  abstained  from.  The  nitrogen  content 
and  the  fuel  value  of  the  food  were  calculated  from  Atwater's 
tables."^  The  nitrogen  waste  was  calculated  approximately, 
accoimt  being  taken  of  the  varying  degree  of  digestibility  of 

»  H.  M.  Hanna  Research  Fellow,  Western  Reserve  University. 
2  Folin,  Anter.  Journ.  of  Physiol.,  xiii,  pp.  45,  66,  1905. 
*  Atwater,  "Chemical  Composition  of  American  Food  Materials,"  U, 
S.  Dept.  of  Agriculture,  Bulletin  28. 
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different  kinds  of  food,  then  by  deducting  this  waste  from  the 
nitrogen  content  we  secured  the  figures  for  the  "net  nitrogen 
income.*'  In  the  case  of  H.  D.  H.  no  accoimt  was  kept  of  the 
fuel  value,  and  it  is  quite  certain  that  his  diets  were  deficient 
in  calories.  Each  of  the  other  men  averaged  about  3000 
calories. 

The  low  diet  was  a  vegetable  diet  to  which  a  little  milk  and 
cream  and  considerable  butter  were  added.  Cornstarch,  tapioca, 
and  sugar  were  used  in  as  large  amoimts  as  possible.  Both 
E.  and  L.  used  much  more  fruit  than  did  H.  D.  H.  What  is 
termed  the  stajidard  diet,  contained  about  1 5  grams  of  nitrogen 
and  consisted  of  a  considerable  quantity  of  eggs  and  milk  in 
addition  to  the  vegetable  diet,  with  the  change  of  increasing 
the  amount  of  bread  taken  and  lessening  the  amount  of  purely 
starchy  food.  The  Iteavy  diet  contained  about  23  grams  of 
nitrogen  and  was  of  the  same  nature  as  the  standard  diet. 
The  meat  diet  contained  390  grams  of  very  lean  chopped  beef- 
steak, besides  milk,  bread,  butter,  and  dates. 

The  following  methods^  of  analysis  were  used.  Kjeldahl's 
method  was  used -for  estimating  total  nitrogen,  Folin's  method 
was  used  for  urea,  5  c.c.  of  urine  being  taken  for  each  of  these 
estimations,  while  the  ammonia  was  determined  by  Folin's 
method.  In  making  ammonia  estimations  the  air-stream  was 
continued  for  at  least  three  hours  and  we  know  that  the  results 
are  accurate  for  we  have  tested  our  apparatus  a  number  of 
times  with  pure  solutions  of  ammonium  salts. 

Purins  were  estimated  in  all  cases  but  are  not  reported  in  the 
tables  below  because  they  are  the  subject  of  special  consideration 
in  a  separate  article.  An  attempt  was  made  to  estimate  creatinin 
in  two  experiments,  but  the  results  were  not  considered  reliable. 
In  the  case  of  L.,  by  using  a  modification  of  Folin's  method 
similar  to  Nesslerizing,  our  estimations  showed  a  practically  con- 
stant creatinin  excretion.  As  we  do  not  feel  sure  of  the  legiti- 
macy of  our  modification,  we  refrain  from  publication. 

The  complete  tables  of  our  results  (I-III)  will  be  given  first, 
and  later  smaller  tables  of  data  selected  for  special  purposes 
will  be  given  in  connection  with  the  discussion. 

»For  a  description  of  methods  see  Folin,  loc.  cit. 
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Only  a  few  urea  estimations  were  made  in  the  case  of  E. 
(Table  III)  because  we  cared  merely  to  study,  in  so  far  as  urea 
was  concerned,  the  effect  of  alkali-producing  drugs,  having 
previously  become  convinced  of  the  correctness  of  Folin's 
results  as  regards  the  effect  of  diet  on  urea  excretion. 

A  few  general  observations  on  the  tables  will  be  offered  first. 
Neither  sodium  citrate  nor  sodium  bicarbonate  influenced  the 
amount  of  total  nitrogen  excretion.  They  also  failed  to  cause 
diuresis,  the  increase  of  urine  volume  in  the  case  of  Numbers 
14  and  15,  Table  II,  and  22  and  23,  Table  III,  being  due 
undoubtedly  to  increased  ingestion  of  water. 

It  will  be  noticed  that  the  sudden  change  to  a  low  diet  caused 
in  each  experiment  an  initial  fall  in  body  weight,  but  this  was 
quickly  recovered  from  in  both  cases  where  the  fuel  value  was 
sufficient  (Tables  II  and  III).  The  weight  of  these  two  men 
increased  slightly  on  the  heavier  diet.  H.  D.  H.  (Table  I), 
however,  in  whose  case  the  calories  were  low  in  amoimt,  lost 
weight  steadily  until  the  meat  diet  was  begun. 

The  tables  show  that  nitrogenous  equilibrium  is  quickly 
secured  if  the  nitrogen  intake  does  not  drop  below  5  grams,  as 
others  have  also  observed.  The  nitrogen  excretion  remains 
fairly  constant  at  5-6  grams  even  when  the  food-nitrogen  drops 
below  that  amount.  Folin  had  a  similar  experience,  for  on  a 
diet  containing  only  one  gram  of  nitrogen  the  excretion  varied 
for  the  most  part  from  3 . 5  to  5 . 5  grams.  On  the  standard  and 
on  the  meat  diet  an  approximate  nitrogenous  equilibrium  was 
readily  obtained;  on  the  heavy  diet  t^abTe  11),  however, 
equilibrium  was  not  secured,  16  grams  being  the  maximum 
nitrogen  excretion. 

The  effect  of  diet  on  urea  and  ammonia  excretion  will  be  next 
studied  with  the  aid  of  the  following  tables  (IV-VII)  in  which 
the  urine  numbers  correspond  to  those  in  Tables  I-III. 

The  three  students.  A,  B,  and  C,  were  kept  on  a  low  diet 
similar  in  character  to  that  in  our  experiments  for  a  period  of 
six  to  seven  days,  the  last  day's  urine  (with  A,  two  days)  being 
examined  in  order  to  secure  additional  evidence  in  regard  to 
ammonia  excretion. 

As  regards  the  per  cent,  of  urea  nitrogen  on  low,  standard,  and 
heavy  diets,  our  results  corroborate  Folin's  findings,  ♦.  ^.,  that 
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the  per  cent,  of  urea  nitrogen  is  less  on  a  low  diet,  averaging 
71.4  per  cent,  in  our  series  as  against  82 . 2  per  cent,  on  the  higher 
diets. 


TABLE     IV. 


THB    EFFECT   OP  LOW    DIET   ON    UREA    AND   AMMONIA    EXCRETION. 


Urine 
Num- 
ber. 

Nitro^n 

in  Unne. 

Grams. 

Urea 

Nitrogen. 

Grams. 

Ammonia 
Nitrogen. 
Grams,    i 

In  Per  Cer 
Xitn 

Urea  N. 

It.  of  Total 
)gen 

Ammonia 

N. 

H.  D.  H. 

(Table  I.) 

Average 

2 
3 
4 

3 
4 
5 
6 

6.938 
5.711 
6.922 

5.227 
4.141 
5.183 

0.564 
0.472 
0.420 

75.3     1 
72.5 
74.8 
74.2 

8.1 
8.2 
6.0 
7.4 

L 

(Table  II.) 

Average 

6.350 
5.904 
3.856 
6.164 

5.033 
4.074 
2.735 
4.506 

0.511 
0.649 
0.304 
0.466 

79.2 
69.0 
70.9 
73.1 
73.0 

63.7 

64 . 2 
63.9 

8.0 
11.0 

7.8 
7.5 
8.6 

£ 

(Table  III.) 

Average 

1 
2 
3 
4 

5 .  748 
7.292 
4.725 
5.096 

4.651 
3.276 

0.303 
0.380 
0.395 
0.314 

5.2 
5.2 
8.3 
6.1 
6.2 

Average  of  all 

—       - ■■ 

71.4 

7.4 

Student  A 

Student  B 
Student  C 

1 

1 

i 
1 
1 

i 

7.75 
7.16 

5.63 
7.76 

0.365 
0.417 

0.336 
0.428 

i 
1 

4.7 
5.8 

5.9 
5.5 

Final  Av'rge  of  all 

71.4 

6.9 

As  to  the  ammonia  nitrogen  we  find  practically  the  same  per- 
centage on  all  diets,  although  it  is  a  little  lower  on  the  meat  diet 
(Table  VI).  H.  D.  H.  averaged  7.4  per  cent,  on  the  low  diet 
and  7.3  per  cent,  on  the  standard  diet.  L.  averaged  8.6  per 
cent,  (or  7 . 4  per  cent,  if  the  exceptional  excretion  of  Number  4 
[i  I  per  cent.]  be  excluded)  on  the  low  and  7 . 3  per  cent,  on  the 
heavy  diet.  E.  averaged  6.2  per  cent,  on  the  low  diet  and  5.6 
on  the  standard  diet.  The  general  average  of  all  examinations 
on  the  low  diet  is  6.9  per  cent.,  and  of  all  on  the  higher  diets  is 
6 . 1   per  cent.     There  is,  therefore,  but  one  interpretation  of 
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our  results  possible,  namely,  that  with  normal  varied  diets  the 
ammonia  excretion  is  proportional  in  amount  to  the  total 
nitrogen,  and  consequently  the  percentage  of  the  total  nitrogen 
present  in  the  urine  as  ammonia  is  practically  constant. 

TABLE  V. 
THE    EFFECT   OF    STANDARD    DIET    ON    UREA    AND    AMMONIA   EXCRETION. 


In  Per  Cent,  of  Total 

Urine 

■kT.  . 

Nitrogen 

Urea 

Ammonia 

Nitrogen. 

Nutr- 

in  Unne. 

Nitrogen. 

Nitrogen. 

ber. 

Grams. 

Grains. 

Grams. 

UreaN. 

Ammonia 

N. 

H.  D.  H. 

7 

9.605 

7.795 

0.665 

81.1 

6.9 

(Table  I.) 

8 

10.418 

8.564 

0.764 

82.2 

7.3 

9 

12.790 

10.652 

0.885 

83.2 

6.9 

10 

11.132 

8.715 

0.903 

78.3 

8.1 

Average 

81.2 

7.3 

8 

10.696 

8.862 

0.392  1 

82.8 

3.6 

E, 

9 

10.884 

8.717 

0.567 

80.0 

5.2 

(Table  III.) 

12 

11.619 

0.524 

4.5 

13 

13.885 

10.626 

0.705 

76.5 

5.0 

16 

11.267 

0.677 

6.0 

17 

11.581 

0.660 

5.7 

18 

13.119 

0.841 

6.4 

19 

13.382 

0.862 

6.4 

20 

12.374 

0.799 

6.4 

24 

14.420 

0.806 

5.5 

25 

14 . 922 

0.965 

6.4 

26 

11.593 

0.686 

5.9 

Average 



79.7 

5.6 

Average  of  all     : 

i 

80.5 

6.0 

Folin  drew  a  different  conclusion  from  his  analyses,  viz., 
that  the  per  cent,  of  ammonia  is  relatively  high  on  a  low  diet. 
We  must,  therefore,  make  a  comparative  study  of  his  tables.  In 
the  first  place,  one  of  his  subjects,  Dr.  H.  B.  H.  (Table  VII,  p. 
io8),  gave  the  same  relative  results  as  ours,  averaging  3.2  per 
cent,  on  the  low  diet  and  3 .  i  per  cent,  on  the  ordinary  diet. 
This  man  was  on  diets  similar  in  nature  to  ours.  Another  case 
in  which  Folin  found  a  low  per  cent,  of  ammonia  on  a  low  diet 
(of  the  same  kind  as  with  Dr.  H.  B.  H.)  was  O.  F.  (Table  VI, 
p.  106)  who  averaged  3  . 7  per  cent.  Furthermore  the  vegetarian, 
Dr.  E.  V.  S.  (Table  I,  p.  70),  on  his  accustomed  low  diet  showed 
an  average  ammonia  excretion  of  6.9  per  cent,  (excluding  the 
two  days  on  a  heavier  diet),  which  is  the  same  as  our  general 
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low  diet  average.     Folin's  results  which  are  at  variance  with 
these  appear  only  in  the  cases  (Tables   II-V,  pp.  74-80,  and 
VIII-IX,  pp.  110-112)  where  he  gave  a  starch-cream  diet  con- 
taining about  I  gram  of  nitrogen.     In  all  of  these  the  ammonia 
nitrogen  shows  a  much  higher  per  cent,  on  this  peculiar  low 
diet  than  on  the  standard  diet,  reaching  an  average  as  high  as 
8. 1  per  cent.,  8.7  per  cent.,  and  10  per  cent,  with  three  individ- 
uals while  on  that  low  diet.     It  seems  quite  probable  that 
Folin's  results  were  due  to  the  abnormal  character  of  his  low 
diet.     Fortimately  for  comparison  one  of  the  men  whom  he 
experimented  upon.  Dr.  H.  B.  H.,  tried  both  the  normal,  varied, 
low  diet  and  the  starch-cream,  low  diet    (Table  VII,  p.  108, 
and  III,  p.  76) ;  on  the  former  diet,  as  has  been  mentioned, 
the  residts  agree  with  ours,  the  per  cent,  of  ammonia  nitrogen 
being  the  same  on  the  high  and  low  diets,  while  on  the  abnormal 
diet  the  per  cent,  was  quite  high  (8.7  per  cent.).     This  indicates 
that  the  conditions  of  Folin*s  experiments  with  the  starch-cream 
diet  were  decidedly  exceptional.    On  a  diet  containing  but  i  gram 
of  nitrogen  considerable  waste  of  tissue  proteid  must  be  involved, 
since  the  nitrogen  excretion  exceeded  the  nitrogen  income  by 
1.7  to  4.4  grams  (average  about  3  grams).     Thus  a  new  factor 
not   comparable  with  physiological  conditions  would  seem  to 
have  been  introduced. 

TABLE  VI. 
THB    EFFECT  OF    FLESH    DIET    ON   UREA    AND   AMMONIA    EXCRETION. 


H.  D.  H. 

(Table  I.) 

Average 


Urine 
Num- 
ber. 


13 
14 
15 
16 


Nitro^n  Urea 

in  Unnc.    ■  Nitrogen. 
Grams.     I     Grams. 

I 


Ammonia 

Nitrogen. 

Grams. 


13.421 
14.243 
14.898 
15.015 


11.109 
11.746 
12.548 


0 .  663 
0.694 
0.760 
0.725 


InPerCent.o£Totdl 

Nitrogen. 

UreaN. 

Ammonia 

N. 

82.7 

4.9 

82.4 

4.9 

84.2 

6.0 

4.8 

83.1 

5.1 

Folin  states  his  conclusions  in  regard  to  ammonia  as  a  law, 
in  the  following  words:  "With  pronounced  diminution  in  the 
protein  metaboUsm  (as  shown  by  the  total  nitrogen  in  the 
urine),  there  is  usually,  but  not  always,  and  therefore  not 
necessarily,  a  decrease  in  the  absolute  quantity  of  ammonia 
eliminated.  A  pronounced  reduction  of  the  total  nitrogen  is, 
however,   always  accompanied  by  a  relative    increase  in  the 
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ammonia  nitrogen,  provided  that  the  food  is  not  such  as  to  yield 
an  alkaline  ash." 

TABLE  VII. 
THE    EFFECT    OF    HEAVY    DIET    ON    UREA    AND    AMMONIA    EXCRETIONS. 


(Table  II.) 

Average 

Average  of  Tables 
V-VIL 


Urine 
Num- 
ber, 


10 

11 

12 
13 


Nitrogen 

in  Unne. 

Grams. 


12.050 
14.829 
15 . 858 
14.278 


Urea 

Nitrogen. 

Grams. 


10 .  287 
12.510 
13 . 677 
11.630 


Ammonia 

Nitrogen. 

Grams. 


0.801 
1.054 
1.118 
1.212 


In  Per  cent  of  Total 
Nitrogen, 


UreaN 


85.3 
84.3 
86.2 
81.4 
84.3 

82 . 2 


Ammonia 
N. 

7.1 
7.0 
8.4 
7.3 

0   1 


It  may  be  argued  that  the  reason  why  our  results  differ  from 
Folin's  is  that  our  diets  contained  considerable  "alkaline  ash." 
This  is  hardly  probable  because  in  our  series  the  lowest  per  cent, 
of  ammonia  excretion  was  not  on  the  diet  containing  the  largest 
amount  of  alkaline  ash  but  on  the  one  containing  very  little 
(the  meat  diet) ;  also  the  amoimt  of  alkaline-ash-containing  food 
was  very  different  with  our  three  subjects,  H.  D.  H.  taking  the 
least,  while  L.  and  E.  took  much  more,  yet  the  ammonia  per- 
centages were  practically  the  same.  Fiirthermore,  if  the  alka- 
line ash  is  such  an  important  factor  on  a  low  diet,  the  vegetarian, 
Dr.  E.  V.  S.,  should  have  shown  a  much  lower  ammonia  per  cent, 
than  he  did  (6.9  per  cent.). 

In  the  light  of  our  experiments  and  some  of  Folin's  the  fol- 
lowing generalization  seems  warranted:  On  all  normal  diets 
{containing  at  least  5  grants  of  nitrogen)  whether  consisting  mainly 
of  vegetable,  or  of  mixed,  or  mainly  of  animal  food,  the  ammonia 
excreted  varies  in  amount  in  the  same  direction  with  the  total 
nitrogen  and  the  per  cent,  of  tlie  total  nitrogen  excreted  as  ammonia 
nitrogen  is  generally  almost  constant  for  any  particular  individual. 
Of  course,  we  have  not  determined  whether  the  above  would 
hold  true  if  disturbing  factors,  such  as  an  increase  of  mental  and 
muscular  exertion,  etc.,  should  be  introduced. 

We  now  come  to  the  question  of  the  effect  of  administration  of 
sodium  bicarbonate  and  sodixmi  citrate  on  urea  and  ammonia 
excretion.  The  following  tables  (VIII-X)  will  facilitate  the 
study  of  this  matter. 
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TABLE  VIII. 
LOW    DIET.       EFFECT   OF    ALKALIES   ON  AMMONIA    AND   UREA   EXCRETION. 


Urine 
Num- 
ber. 

Nitrogen 

in  Urme. 

Grams. 

Urea 

Nitrogen. 

Grams. 

Ammonia 

Nitrogen. 

Grams. 

In  Per  Cent,  of 
Total  Nitrogen 

Remarks. 

UreaN. 

Ammo- 
nia N. 

I.  D.  H. 

able    I.) 

3 
4 
5 
6 

5.71 
6.92 
5.94 
6.98 

4.14 
5.18 
4.73 
5.47 

0.472 
0.420 
0.122 
0.171 

72.5 
74.9 
79  6 

78.3 

8.2 
6.0 
2.0 

24 

Citrate  day. 
Citrate  day. 

L. 

Table  II.) 

5 
6 
7 

3.85 
6.16 
5.17 

2.73 
4.50 
3.86 

4.65 
3.27 
4.69 
3.96 

0.304 
0.466 
0.188 

70.9 
73.1 
74  6 

7.8 
7.5 
3.6 

Citrate  day. 

£. 

able  III.) 

2 
4 
5 
6 

7.29 
5.09 
6.75 
5.63 

0.380 
0.314 
0.130 
0.085 

63.7 
64.2 

69.5 
70.3 

5.2 
6.1 

1.9 
1.5 

Bicarbonate  day. 
Bicarbonate  day. 

TABLE  IX. 
THE    STANDARD    DIET.       EFFECT   OF    ALKALIES. 


Urine 
Num- 
ber. 


a.  D.  H. 

Table  I.) 


10 
11 
12 


E. 

13 

able  III.) 

14 

E. 

9 

able  III.) 

10 

E. 

19 

able  III.) 

20 

21 

22 

1 

1 

23 

1 

Nitro^n 

in  Unne. 

Grams. 


11.13 
11.88 
10.87 


13.88 
12.17 


10.88 
8.45 


13.38 
12.37 
12.34 
12.46 
10.74 


Urea 

Nitrogen. 

Grams. 


8.71 
9.58 

8.71 


10.63 
9.84 


Ammonia 

Nitrogen 

Grams. 


0.903 
0.548 
0.438 


0.705 
0 .  202 


0.567 
0.189 


0.862 
0.799 
0.212 
0.115 
0.142 


In  Per  Cent,  of 
Total  Nitrogen 

Remarks. 

Urea 

N. 

1  Ammo- 
nia N 

78.3 
80.6 
81.0 

8.1 
4.6 
4.0 

Citrate  day. 
Citrate  day. 

76.5 
80.8 


5.0 
Z.6 


5.2 
2.2 


6.4 
6.4 

17 
0.9 

1.3 


Citrate  day. 


Bicarbonate  day. 


Citrate  day. 
Citrate  day. 
Citrate  day. 
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TABLE   X. 
HEAVY    DIET.       EFFECT    OF    ALKALIES. 


Urine 
Num- 
ber. 

L. 

12 

(Table  II  ) 

13 
14 

15 

Nitrogen 

in  Unnc. 

Grams. 


15.86 
14.28 
14.87 
16.23 


Urea 

NitroKCn. 
Grams. 


Ammonia 

Nitrogen. 

Grams. 


In  Per  Cent,  of 
Total  Nitrogen. 


Urea  N. 


13.68 

1.12 

11.63 

1.21 

13.03 

0.723 

14.27 

0 .  330 

86.2 
81.4 
87.6 

87.9 


Ammo- 
nia N. 


7.0 
8.4 
4.8 
2.0 


Remarks. 


Citrate  day. 
Citrate  day. 


It  will  be  seen  that  the  effect  of  the  alkalies  in  decreasing  the 
ammonia  excretion  was  very  marked  imder  all  conditions  of  diet, 
the  ammonia  being  reduced  usually  to  one  third  of  the  normal 
amotmt.  We,  of  course,  expected  this  result,  since  other  investi- 
gators^ have  made  the  same  observation. 

We  desired,  however,  to  determine  whether  the  urea  was  cor- 
respondingly increased  when  the  ammonia  was  decreased.  The 
tables  show  that  it  was,  the  increase  in  per  cent,  of  the  total 
nitrogen  appearing  as  urea  nitrogen  averaging  2.5,  2.6,  4.25, 
4.3,  5.2,  and  6.0  in  the  different  alkali  periods.  The  amoimt 
of  increase  corresponded  roughly  to  the  amount  of  ammonia 
decrease.  No  comparison  can  be  made  of  the  absoK^te  amounts 
of  urea  or  ammonia  nitrogen  since  the  total  nitrogen  is  so 
variable. 

The  explanation  for  this  decrease  of  ammonia  and  increase  of 
urea  is  \mdoubtedly  as  follows  i^  Ordinarily  the  acids  formed 
in  the  body  combine  in  part  with  the  ammonia  of  the  blood  and 
in  such  combination  much  of  the  ammonia  escapes  conversion 
into  urea;  if,  however,  the  fixed  alkali  of  the  blood  be  increased 
in  amount  (as  by  administration  of  sodium  citrate  or  bicarbonate) 
it  is  used  in  place  of  a  large  part  of  the  ammonia  for  neutralizing 
those  acids:  in  the  presence  of  the  large  quantity  of  carbon  di- 
oxide in  blood  the  ammonia  combines  with  it  to  form  ammonium 
carbonate  and  carbamate,  which  are  both  readily  changed  to 
urea  by  the  liver  (and  probably  other  organs),  so  that  the  out- 

»  Beckmann-Stadelmann,  Einfluss  der  Alkalien  auf  den  Stojfwechsel  des 
Afenschen.  Stuttgart,   1890. 

W.  Camerer,  Jr.,  .Zeitschr.  f.  Biol.,  xliii,  p.  39,  1902. 
>  See  also  Camerer,  loc.  cit. 
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come  is  marked  decrease  of  ammonia  and  some  increase  of  urea 
in  the  tirine. 

We  have  in  a  ntmiber  of  instances^  detected  the  presence  of 
anmionimn  carbamate  in  alkaline  urine  after  the  administration 
of  citrate. 

The  reason  why  some  ammonia  always  sUps  through  into  the 
urine  is,  as  Camerer^  suggests,  that  a  fraction  of  the  ammonia- 
containing  blood  passes  through  the  kidney  before  reaching 
organs  that  are  capable  of  synthesizing  urea. 

^Madeod  and  Haskins.    This  Journal,  i,  p.  331,  1906. 
'Camerer,  loc,  cit. 


SOME  OBSERVATIONS  ON  THE  BEHAVIOR  OF  THE 
ENDOGENOUS  PXTRIN  EXCRETION  IN  MAN. 

By  J.  J.  R.  MACLEOD  and  H.  D.  HASKINS.» 

(From  the  Physiological  Laboratory,   Western  Reserve   University.) 
(Received  for  publication,  Jiine  17,  1906.) 

Since  the  publication,  in  1900,  of  Burian  and  Schtir's  first 
paper  on  the  metabolism  of  the  purins,^  a  considerable  amount  of 
interest  in  this  subject  has  been  awakened  in  the  physiological 
world.  The  derivation  of  the  urinary  purins  from  two  sources — • 
from  the  food  (exogenous)  and  from  the  tissues  (endogenous) — 
and  the  variability  in  the  amoimt  of  the  endogenous  moiety  in 
different  individuals  but  its  constancy  in  any  one  individual 
while  living  under  normal  conditions  and  on  a  purin-free  diet, 
are  among  the  most  important  points  established  by  these 
workers.  Siv^n,^  quite  independently  of  Burian  and  Schur, 
simultaneously  demonstrated  the  dual  origin  of  the  tirinary 
purins  and  the  constancy  of  the  endogenous  moiety,  and  during 
the  past  five  years  these  laws,  as  we  may  call  them,  have  been 
confirmed  by  other  workers. 

More  recently,  however,  Folin*  has  commiuiicated  results 
which  throw  doubt  on  Burian  and  Schur*s  statement  that  the 
endogenous  moiety  is  constant  in  amoimt  provided  that  the  diet 
be  purin-free  (which  of  course  implies  that  changes  in  the  amoxmt 
of  purin-free  food  ingested  will  be  without  effect  on  the  purin 
excretion)  and,  in  view  of  the  fact  that  this  point  is  of  funda- 
mental importance  in  the  study  of  the  whole  question  of  purin 
metabolism,  we  have  thought  it  advisable  to  place  on  record 
certain  results  bearing  on  the  subject  which  we  have  obtained 
during  the  past  year. 

« H.  M.  Hanna  Research  Fellow,  Western  Reserve  University. 
2  Burian  and  Schur,  Arch.  f.  d.  ges.  Physiol.,  Ixxx,  p.  241,  1900;  Ixxxvii, 
p.  239,  1901;  and  xciv,  p.  273,  1903. 

'  Sivdn,  Skand.  Arch.  f.  Physiol.,  xi,  p.  123,  1901. 

*  Folin,  Amer.  Journ.  of  Physiol.,  xiii,  pp.  45,  66,  and  117,  1905. 
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In  the  course  of  these  investigations  we  have  also  studied  the 
effect  of  the  administration  of  citrates,  and  of  alkalies,  on  the 
endogenous  purin  excretion,  for,  so  far  as  we  are  aware,  no  work 
on  this  aspect  of  the  question  has  been  recorded  since  the  publi- 
cation of  Burian  and  Schur's  paper. 

The  present  investigations  were  carried  out  on  three  perfectly 
healthy  yoxing  men  of  whom  one  was  one  of  the  writers  of  this 
paper  (H.  D.  H.)  and  the  other  two,  students  in  this  college. 
A  moderate  amotmt  of  work,  mental  and  physical,  was  practised 
during  the  investigation  by  all  three.  The  behavior  of  the 
urinary  nitrogen,  urea,  and  ammonia  was  investigated  by  one  of 
us,  the  results  being  recorded  in  a  separate  paper  in  this  Journal, 
where  detailed  accotmts  of  the  diet,  body  weight,  etc..  will  also 
be  found. 

CONSIDERATION  OF  RESULTS. 

Experiment  I,     (table  i.,  h.  d.  h.) 

This  observation  was  divided  into  three  periods;  during  the 
first  of  these,  the  diet  consisted  largely  of  tapioca,  bread,  milk, 
etc. ;  it  contained  3 . 5  grams  of  nitrogen.  During  the  second 
period,  eggs  and  milk  were  freely  taken,  but  no  meat  or  other 
ptirin-containing  food;  total  nitrogen,  15  grams.  During  the 
third  period,  meat  was  taken  in  place  of  the  eggs  and  milk  of 
the  previous  diet:  total  nitrogen,  16.5  grams.  Since  Folin  has 
fotmd  potatoes  to  influence  the  purin  excretion,  these  were 
excluded  from  the  diet  throughout. 

About  ten  hours  of  laboratory  work  was  performed  daily. 
The  urine  collected  during  the  first  day  of  the  low  diet  was  dis- 
carded. The  Camerer-Amstein  method  was  that  employed  for 
estimating  the  purins,  the  average  of  the  duplicates  being 
taken. 

On  the  last  two  days  of  the  first  two  periods,  citrate  of  sodium 
was  taken  in  five-gram  doses  two  or  three  times  a  day.  This 
rendered  the  urine  strongly  alkaline  to  litmus  and  caused  it  to 
effervesce  briskly  on  the  addition  of  adds. 

The  excretion  of  purin-nitrogen,  exclusive  of  the  citrate  days, 
was  fairly  constant,  the  average  during  the  second  period  (o.  146 
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gram)^  being  slightly  higher  than  that  during  the  first  period 
(0.137  gram). 

TABLE  I. — ^H.  D.  H. — BODY*  WEIGHT,  61-^  KILOS. 


Excreted 

per  diem  in  Urine 

Nature  of 

Volume 
of 

No. 

Remarks. 

Diet. 

Urine. 

Nitrogen 

Purin-Nitrogen. 

C.  c. 

Grams. 

Grams. 

Average 

Boilv  weight 

I. 

Starch  and 

63 . 5  Kg, 

II 

cream,  con- 

1770 

6.94 

0.128 

0.137 

III. 

taining  3 . 5 

1030 

6.71 

0.135 

" 

IV 

em.  nitrogen. 

citrate         j 

days. 

1465 

6.92 

0.150 

V 

1095 

5.94 

0.176 

Citrate  of  so- 

VI 

935 

6.98 

0.126 

dium  in  5  Km. 

doses3-4 

_= — z.^-~ 

times  a  day. 

f 

Dav  misseil. 

VII 

Eggs,  milk. 

965 

9.60 

0.146 

" 

VIII 

etc.,  contain- 

1025 

10.42 

[0.118] 

0.146 

IX 

ing  15  gm  N. 

920 

12.79 

0.151 

1 

X 

but  no  purins 

830 

11.13 

0.142 

XI 

Citrate          S 
days.     ( 

880 

11.88 

0.309 

Citrate  of  so- 

XII 

830 

10.88 

0.174 

dium  in  5  gm 

doses  U -4 

times  a  day. 

XIII 

Diet  included 

1155 

13.42 

0.186 

XIV 

390  gm.  lean 

910 

14.24 

0 .  222 

XV 

steak.  Total 

770 

15.90 

0.273 

0.247 

XVI 

nitrogen  16 . 5 

825 

15.01 

0.246 

J 

Ikniv  weight 

grams. 

1 
(- ... 

61  6  Kg. 

During  the  third  period,  a  daily  ration  of  390  grams  of  loan 
steak  was  taken,  but  no  other  purin-yiclding  food  stuff.  Allow- 
ing that  lean  steak  contains  0.06  per  cent,  of  purin  nitrogen 
(Burian  and  Schur)  and  that  50  per  cent,  of  this  (0.117  gram) 
appears  in  the  urine  as  exogenous  purins,  we  have  for  the  endo- 
genous excretion  during  this  period,  o.  130  gram  of  purin  nitrogen. 

Regarding  the  effect  of  citrate  administration,  it  will  be 
noted  that  during  Period  I  a  distinct  increase  in  purin  nitrogen 

>  In  this  average  the  purin  value  for  Day  VIII  is  omitted  on  account 
of  errors  in  technique. 
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occurred  on  the  first  day  that  citrate  was  taken,  but  a  diminution 
during  the  second  day.  The  average  excretion  for  the  two  days 
was  0.151  gram  of  purin  nitrogen.  During  Period  II  the 
increase,  thus  induced,  was  very  marked  on  the  first  day  and  it 
was  also  very  distinct  on  the  second  day. 

Experiment  II.     (table  ii,  l.) 

Throughout  this  observation  a  purin-  and  potato-free  diet  was 
taken.  For  the  first  eight  days,  this  contained  5.5  grams  of 
nitrogen  and  during  the  next  nine  days  23 . 2  grams.  The 
energy  value  of  the  diet  was  carefully  maintained  at  about 
3000  C. 

TABLE  II. — L. — AVERAGE  BODY  WEIGHT.  56.7  KILOS. 


Excreted  per  diem  in  Urine. 

^.T 

^T        A                              ^ 

Volume 

N  o. 

Nature  of 

of 

Diet. 

Urine. 

Nitrogen. 

Purin-ni  trogen . 

Remarks. 

c.  c. 

Grams. 

Grams. 

I 

Purin-free 

1122 

9.99 

0.269 

averages 

W'gt.  56.4Kg. 

II 

diet  with  5 . 5 

995 

7.27 

0.152 

' 

III 

gm.  nitrogen 

1200 

6.35 

0.130 

IV 

1318 

5.90 

[0.097] 
[0.093] 

0.138 

V 

810 

3.86 

W'gt.  56  Kg. 

VI 

1850 

6.16 

0.133 

4 

Vll 

Citrate  day 

1200 

5.17 

0.128 

Sodiimi  cit- 
rate taken  till 
urine  just  al- 
kaline. 

VIII 

960 

6.06 

0.131 

W  'gt.  57  Kg. 

IX 

Purin-free 

1375 

7.47 

0.133 

X 

diet  with 

1375 

12.06 

0.120 

' 

XI 

23 . 2  grams 

1265 

14.83 

0.128 

With 

XII 

nitrogen. 

1085 

15.86 

0.125 

XVII 

XIII 

975 

14.28 

0.123 

.  0.126 

XIV 

)  Citrate       f 
)      days.     \ 

1420 

14.87 

0.256 

Sodium  cit- 

XV 

1840 

16.23 

0.288 

rate  till  urine 

distinctly  al- 

kaline. 

XVI 

1285 

15.61 

0.248 

Urine  acid. 

ammonia 

normal. 

XVII, 

1230 

15.43 

0.136 

Wgt.57.6Kg. 
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Omitting  Days  IV  and  V  when  the  results  were  out  of  line,* 
it  will  be  seen  that  break  down  of  body  proteid  occurred  during 
Period  I  and  retention  of  proteid  during  Period  II. 

The  average  daily  excretion  of  purin-nitrogen  (omitting  the 
first  and  the  citrate  days  in  each  period)  was,  for  the  first  period, 
o .  138  gram,  and  for  the  second,  o.  126  gram. 

Citrate  administration  did  not  cause  an  increase  in  purins 
during  Period  I — although  it  affected  the  ammonia  excretion 
(p.  228) — but  it  had  a  very  distinct  influence  on  this  during 
Period  II.  In  neither  period  did  it  affect  the  excretion  of 
nitrogen. 

Experiment  III,     (table  hi.,  e.) 

In  this  case  also  a  purin-  and  potato-free  diet  was  taken.  For 
the  first  nine  days  of  the  observation  this  contained  a  daily 
average  of  5 . 2  grams  of  nitrogen:  for  the  remaining  twenty  days 
the  average  was  15  grams.  The  energy  value  was  about  3000  C 
throughout.  The  subject  was  on  diet  for  three  days  before  the 
urine  was  analyzed. 

Sodium  bicarbonate  was  taken  on  the  last  two  days  of  the  low- 
diet  period,,  and  again  on  the  fourth  day  of  the  liberal  diet. 
Sodium  citrate  was  taken  on  the  fourteenth  and  again  on  the 
twenty-first,  twenty-second,  and  twenty-third  days,  i.e.  during 
the  liberal  diet. 

In  this  case  estimation  was  made  not  only  of  the  total  purin- 
nitrogen  but  also  of  the  uric  acid  (Folin  and  Shaffer's  modifica- 
tion of  Hopkin's  method). 

The  nitrogen  excretion  behaved  as  in  the  previous  cases. 
Disriegarding,  for  the  present,  the  effect  of  citrate  and  alkali, 
it  will  be  noted  that  the  daily  average  excretion  of  total  purins 
was  the  same  on  the  low  as  on  the  liberal  diet,  viz.,  o.  174  gram 
of  purin-nitrogen  for  the  low,  and  0.168  gram  for  the  liberal 
diet.  This  is  in  accord  with  Burian  and  Schur's  law.  On  the 
other  hand,  a  comparison  of  the  uric  acid  excretions  during  these 
diets  reveals  a  somewhat  higher  average  daily  excretion  on  the 
liberal  than  on  the  low  diet,  viz.,  o.  143  gram  of  uric  acid  nitrogen 
for  the  latter,  and  0.154  gram  for  the  former.     This  difference  is, 

»We  have,  however,  recorded  the  values  obtained  on  these  days, 
since  we  cannot  account  for  the  irregularity. 
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however,  only.noticeable  after  the  liberal  diet  had  been  taken  for 
some  time  and  is  so  small  as  to  be  negligible.  It  is  scarcely 
allowable  to  infer  anything  regarding  the  behavior  of  the  purin 
bases,  since  the  only  values  we  have  for  these  are  calculated  from 
the  difference  between  the  purin  and  uric  acid  figures.  These 
values  for  the  periods  bracketed  in  the  table  are  as  follows: 
^'^33»  0.048,  0.038,  0.019,  0.014,  and  0.034  grams  of  purin 
nitrogen. 

The  administration  of  alkali,  during  both  the  low  and  the 
liberal  diets,  produced  a  distinct  increase  in  the  total  purin  and 
uric  acid  excretions.  During  the  latter  diet,  this  effect  did  not 
appear  on  the  day  of  taking  the  alkah  but  was  well  marked  for 
four  days  following  this,  the  urine  reacting  acid  towards  litmus 
on  these  latter  days.  At  any  rate,  we  are  not  able  to  explain 
the  high  purin  excretion  on  Days  XI,  XII,  and  XIII  in  any  other 
way,  there  having  been  no  irregularity  in  diet  or  other  imusual 
condition  to  explain  it. 

Citrate  of  soditmi  was  taken  on  Day  XIV,  during  the  liberal 
diet.  On  the  first  day,  it  did  not  influence  the  previously  high 
purin  excretion  but  it  will  be  noticed  that  on  the  two  succeeding 
days  a  somewhat  smaller  amoxmt  than  normal  both  of  purin 
and  uric  acid  was  excreted.  It  was  given  later  in  the  experi- 
ment (Days  XXI,  XXII,  XXIII),  producing  no  effect  until  the 
third  day  of  its  administration  but  being  followed  by  a  high 
excretion  lasting  several  days. 

DISCUSSION  OF  RESULTS. 

The  constancy  of  the  purin  excretion  notwithstattding  consider- 
able variations  in  the  diet  is  clearly  demonstrated  by  our  results. 
It  is  true  that  in  the  case  of  H.  D.  H.  a  slight  average  increase 
was  obtained  during  the  more  liberal  diet,  but,  since  the  excre- 
tions of  only  three  days  are  included  in  the  average,  no  weight 
can  be  given  to  so  slight  a  variation.  This  result,  like  those  of 
Siv^n,^  Rockwood,^  Walker  Hall,^  and  others,  would  therefore 
corroborate  Burian  and  Schur*s  conclusion  that  the  endogenous 

»  Siven,  loc.  cit. 

2  Rockwood,  E.  W.,  Amer.  Journ.  of  Physiol.,  xii,  p.  38,  1904. 
5  Walker  Hall,  The  Purin  Bodies    of   Food   Stuffs,  Manchester,  1902 ; 
also,  Brit.  Med.  Journ.,  Sept.  24,  1904. 
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moiety  is  uninfluenced  by  the  nature  and  amount  of  the 
diet,  provided  that  this  is  purin-free  and  sufficient  in  amount 
[and  of  proper  composition]  ^  to  prevent  starvation.  Folin 
has,  as  remarked  above,  doubted  the  truth  of  this  law.  In 
two  respects,  however,  Folin's  experiments  differ  from  those 
of  Burian  and  Schur:  firstly,  in  the  method  used  for  analysis,^ 
and  secondly,  in  that  the  low  diet  in  Folin's  observations 
contained  very  much  less  nitrogen  than  did  that  of  Burian  and 
Schur. 

It  is  on  account  of  the  first  of  these  points  that,  in  the  case  of 
our  third  observation  (on  E.),  we  carried  out  parallel  estimations 
by  the  two  methods  employed  by  these  workers.  It  will  be 
noted  that  the  average  results  for  uric  acid  are  slightly  higher 
on  the  liberal  than  on  the  low  diet  (viz.,  o.  143  gram  uric  acid 
nitrogen  on  the  low  diet  as  against  o.  154  gram  on  the  liberal 
diet),  but  the  difference  is  too  small  to  be  considered  of  any 
account.  We  must  conclude,  therefore,  that  the  apparent  dis- 
crepancy  between  the  conclusions  of  the  two  groups  of  workers  is 
due  to  differences  in  experimental  conditions,  viz.,  to  Folin's  low 
diet  containing  much  less  proteid  than  did  that  employed  by 
Burian  and  Schur. 

Folin's  low  diet  in  the  two  cases  in  which  he  noted  a  very  distinct 
diminution  in  uric  acid  contained  an  average  of  about  one  gram  of 
nitrogen  and  consisted  of  starch  and  cream.  Burian  and  Schur's  low 
diet  contained  over  nine  grams  of  nitrogen  and  was  varied  in  nature: 
milk  and  eggs  for  four  days,  and  vegetables  for  four  other  da)rs.  The 
distinct  falls  in  the  excretion  of  uric  acid,  observed  by  Folin,  occurred 
when  this  starch  and  cream  diet  was  taken.  In  two  of  Folin's  experi- 
ments in  which  the  low  diet  was  a  mixed  one  {vide  Tables  VI  and  VII 
of  Folin's  paper,  pp.  106-109  and  also  p.  90)  the  endogenous  purinswere 
not  diminished,  even  although  there  was  a  fall  in  the  total  nitrogen  excre> 
tion  of  seven  and  ten  grams  respectively. 

It  seems  to  us  that,  in  the  sense  in  which  it  is  expressed  by 

»The  words  in  brackets  are  not  included  in  Burian  and  Schur's  state- 
ment of  the  law. 

« Folin  estimated  uric  acid  alone  by  his  and  Schaffer's  modification 
of  Hopkin's  method, — Zeiischr.  f.  physiol.   Ghent.,  xxxii,   p.  55a,  190 1. 
Burian  and  Schur  estimated    not  only  uric  acid    but  also  total  purins 
and  purin  bases  (vide  Burian  and  Schur,  loc.  cit.).      The  total  purin 
nitrogen  results  are  those   from   which   the   authors   drew   their  main 
conclusions. 
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them  Btirian  and  Schtir*s  law  *  holds  good  notwithstanding 
Folin*s  restilts,  for  such  an  xinusual  diet  as  this  observer  em- 
ployed can  scarcely  be  considered  as  normal.  The  extreme 
importance  of  the  constancy  in  endogenous  purin  excretion  under 
normal  conditions  lies,  we  think,  largely  in  the  fact  that  it  gives 
tis  a  rational  basis  from  which  further  work  on  this  intricate 
subject  can  be  done,  and  we  consider  that  Burian  and  Schur, 
and  subsequent  workers,  have  amply  justified  this  view  of  the 
case.  We  ought  to  take  Burian  and  Schiu^'s  endogenous  excre- 
tion as  our  working  standard,  and  if  we  do  so  then  we  must  con- 
clude that  FoUn  has  succeeded  in  producing  variations  in  this 
standard  by  unusual  coftditions  of  diet  just  as  we,  and  others, 
have  done  by  the  administration  of  drugs,  and  Burian  has  done 
by  muscular  exercise.  There  can  be  no  doubt  that,  at  no  very 
distant  date,  many  other  conditions  will  be  discovered  which  in- 
fluence the  excretion.  It  should  not  be  lost  sight  of  that  the 
two  groups  of  workers  were  studying  the  question  from  different 
standpoints:  Folin  to  show  that  with  the  greatest  possible  varia- 
tions in  purin-free  diet  certain  changes  take  place  in  the  com- 
position of  the  urine;  Burian  and  Schur,  to  show  that  with 
distinct,  but  not  excessive,  changes  in  the  purin-free  diet  the 
purin  excretion  is  unchanged  and  could  therefore  be  considered 
as  the  normal  endogenous  excretion  for  that  individual. 

The  individual  variation  in  the  endogenous  moiety  is  very 
noticeable  in  our  results:  for  H.  D.  H.  it  is  o. 138  gram  purin- 
nitrogen,  for  L.,  0.133  gram,  and  for  E.,  0.173  gram.  It  is 
interesting  to  note  that  H.  D.  H.  and  L.  were  much  smaller  men 
than  E.,  so  that  Walker  HalFs  assertion^  that  the  endogenous 
moiety  bears  a  direct  relationship  to  the  body  weight  would  seem 
to  be  confirmed  by  our  results.  The  only  worker,  so  far  as  we  are 
aware,  who  has  questioned  this  individual  factor  in  determining 
the  amount  of  the  endogenous  purin  excretion  is  Loewi.^     As 

>  Burian  and  Schur  state  this  part  of  their  law  as  follows:  "Es  ist  nur 
dafur  zu  sorgen,  dass  die  Nahrung  das  Nahrungsbedurfnis  im  ganzen 
deckt  "   (loc.  cit.,  p.  303). 

2  Walker  Hall,   loc.  cit. 

^  Loewi,  Arch.  f.  exp.  Path.  u.  Pharm.,  xliv,  p.  i ;  also  Arch.  f.  d.  ges. 
Physiol.^  Ixxxviii    p.   2q6. 
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pointed  out  by  Burian,^  however,  the  observations  on  which 
Loewi  bases  his  conclusions  are  inadequate  to  prove  the  point. 

The  Effect  of  Citrate  Administration, — Citrate  of  sodium  was 
taken  by  each  of  the  observed  persons  at  two  periods  during  the 
observation.  In  the  cases  of  H.  D.  H.  and  L.  it  was  taken 
during  the  low,  and  again  during  the  liberal  diet.  In  the  case 
of  E.  it  was  taken  at  two  periods  during  the  liberal  diet.  The 
effects  of  the  administration  on  the  endogenous  purin  excretion 
may  be  summarized  as  follows: 

During  the  low  diet,  in  the  case  of  H.  D.  H.,  an  increase 
amoimting  to  29  per  cent,  of  the  previous  average  excretion 
was  caused  on  the  first  day  of  administration,  but  a  decrease 
on  the  second  day.  In  the  case  of  L.  no  change  was  produced 
by  the  administration  while  on  the  low  diet.  During  the  liberal 
diet,  the  citrate  caused  a  marked  increase  in  all  the  cases,  except  on 
the  first  occasion  on  which  it  was  given  to  E.  when  the  previously 
high  purin  excretion,  following  alkaH  administration,  probably 
masked  its  effects.  The  exact  manner  of  increase  in  the  three 
remaining  observations  on  the  liberal  diet  was  different  in  each 
case:  in  the  case  of  H.  D.  H.,  the  increase  on  the  first  day  was 
about  112  percent,  of  the  previous  average  amotmt,  but  only 
about  20  per  cent,  on  the  second  day.  In  the  case  of  L.  the 
increase  on  the  first  day  was  about  1 90  per  cent. ,  on  the  second  day 
about  127  per  cent,  and  on  the  day  after  the  administration  had 
been  stopped  there  was  still  an  increased  excretion  amounting  to 
about  96  per  cent.  In  the  case  of  E.,  there  was  no  distinctly 
increased  purin  excretion  on  the  first  two  days  of  citrate  adminis- 
tration, butj  on  the  third  day  an  increase  amoimting  to  about 
40  per  cent,  was  noted.  Two  days  then  elapsed  before  the  urine 
was  again  examined,  but  on  the  next  two  days  (i.  e.,  third  and 
fourth  after  discontinuing  the  drug)  an  increase  amoimting  to 
about  34  per  cent,  was  present.  These  averages  are  calculated 
from  the  total  purin  values,  but  it  will  be  seen  that  those  for 
the  uric  acid  agree  closely  with  them. 

A  similar  increase  in  the  excretion  of  endogenous  purins  has 
been  noted  to  follow  the  taking  of  salicylate  of  soda  (Walker 

>  Burian,  ibid,  xciv,  p.  273,  1902.  See  also  article  "The  Metabolism 
of  the  Ptirins"  in  Recent  Advances  in  Physiology  and  Bio-chemistry, 
edited  by  L.  Hill,  Longmans,  Green,  &  Co.,  1906. 
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Hall*)  and  alcohol  (Beebe^),  and  from  the  literature  prior  to 
the  date  of  Burian  and  Schur's  first  paper  we  find  that  an 
increased  excretion  of  uric  acid  has  been  observed  after  taking 
citrate  of  potash  or  alkalies  (Haig,^  Gorsky*).  On  the  other 
hand,  Klemptner^  and  Burchard^  record  a  diminution  in  uric 
acid  as  a  result  of  the  taking  of  citrates. 

The  undoubted  increase  in  the  endogenous  purin  excretion  which 
our  residts  show  to  follow  citrate  administrations  might  be  accounted 
for  in  various  ways,  viz. : 

1.  By  some  of  the  citric  acid,  before  it  had  become  completely 
oxidized,  being  used  to  bring  about  a  s>Tithesis  of  two  urea 
molecules  into  uric  acid.  Thus.  Wiener'  has  shown  that  a 
synthesis  of  this  nature  occiu^  in  birds  after  they  have  been 
given  such  organic  acids  as  lactic,  malonic,  tartronic,  etc.,  and 
he  further  claims  that  tmder  certain  conditions  a  similar  process 
may  take  place  in  mammals. 

2.  By  the  citrate  raising  the  alkalinity  of  the  blood  and  in 
some  way  diminishing  the  destructive  power  of  the  organism 
towards  uric  acid. 

3.  By  an  increase  in  the  amount  of  blood  circulating  through 
the  kidneys,  whereby,  in  terms  of  Luthje's*  and  Burian  and 
Schur*s^  hypothesis,  a  larger  fraction  than  normal  of  the  uric 
acid  in  the  blood  would  escape  through  the  kidney  filter  before 
being  destroyed  in  the  liver,  etc. 

4.  For  the  sake  of  completeness,  we  must  add  to  these  the 
hypothesis  of  Haig  *°  that  the  increased  alkalinity  of  the  blood 
causes  uric  acid,  stored  away  in  the  liver  and  spleen,  to  be  re- 
moved bv  the  urine. 

»  Walker  Hall,  Brit.  Med.  Jour.,  Sept.  1904. 

'Beebe,  S.  P.,  Amer.  Journ.  of  Physiol.,  xii,  p.  13,  1904. 

*  Haig,  A.,  Journ.  of  Physiol.,  viii,  p.  211,  1887. 

♦  Gorsky,  Inaugural  Dissertation  (Russian),  St.  Petersburg,  1888:  from 
Atwater  and  Longwcythy's  Digest  of  Metdbolism  Experiments. 

'  Klemptner,  Inaugural  Dissertation,  Dorpat,   1889,  from  Atwater. 

•  Burchard,  Inaugural  Dissertation,  Dorpat,  1889,  from  Atwater. 
'Wiener,  Beitr.  z.  chem.  Physiol,   und  Path.,  ii,  p.  42,  1902;   also   Er- 

gebnisse  der  Physiol.,  i,  Biochem.  Abth. 

»  Luthje,  Arch.  f.   Vcrdauungskrankh.,  ii,  p.  36,   1896. 

'  Burian  and  Schur,  Arch.  f.  d.  ges.  Physiol.,  Ixxxvii,  p.  239,  1901. 

'''Haig,  loc.  cit. 
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Of  these  possible  causes,  we  may,  with  certainty,  immediately 
eliminate  the  third  and  fourth.  The  absence  of  any  constant 
diuresis  on  the  citrate  days  eliminates  the  third  possibility,  as 
well  as  the  fact  that  diuresis  produced  by  other  causes  has  no 
effect  on  the  twenty-four  hours'  purin  excretion  {e.  g.  the,  taking 
of  diuretics,  the  imbibition  of  large  quantities  of  water,  beer,  ^ 
etc.).  The  persistence  of  the  increase  for  some  days  after  dis- 
continuing the  drug  (cf.  Tables  II  and  III)  makes  Haig's 
hypothesis  imtenable,  quite  apart  from  the  numerous  other 
known  facts  which  stand  against  it. 

Between  the  remaining  two  possibilities  there  exists  this 
diflEerence  that  in  the  one — ^the  synthetic  hypothesis — the  citric 
acid  acts  before  it  is  completely  oxidized  to  carbonate,  and  in 
the  other  that  it  is  first  oxidized  and  so  renders  the  blood  and 
urine  more  alkaline.  To  decide  between  these  in  our  third  ex- 
periment, we  administered  soditmi  bicarbonate  instead  of  citrate, 
with  the  result  that  a  similar  increase  in  the  purin  excretion 
was  obtained,  which  would  point  to  increased  alkalinity  as  at 
least  one  of  the  causes.  Exactly  how  the  increased  alkalinity 
brings  about  the  increased  purin  excretion  remains  an  open 
question,  and  the  possibilities  are  many:  thus,  it  may  diminish 
the  destruction  of  uric  acid  by  the  liver,  etc.,  or  it  may  in  some 
way  stimulate  the  practically  dormant  synthesis  from  urea 
which  Wiener  believes  can  under  certain  conditions  come  into 
evidence  in  the  mammal,  etc. 

CONCLUSIONS. 

1.  The  excretion  of  endogenous  purins  is  not  affected  by  very 
considerable  variations  in  diet  provided  that  this  contains  no 
purins. 

2.  The  endogenous  purin  excretion  of  different  individuals 
is  variable. 

3.  The  administration  of  citrate  of  sodium  imtil  the  urine 
reacts  alkaline  towards  litmus  causes  an  iflcreased  excretion 
of  endogenous  purins  which  may  continue  for  some  days  after 
discontinuing  the  drug,  even  although  the  reaction  of  the  urine 
has  meanwhile  returned  to  acid. 

4.  Sodium  bicarbonate  similarly  administered  also  increases 
the  endogenous  purin  excretion. 

1  Burian  and  Schur,  loc,  cit.,  p.  347. 
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It  may  be  thought  by  some  that  the  devising  of  more  urea 
methods  is  hardly  in  order.  In  the  face  of  the  fact  that  two 
good  methods  have  recently  come  into  use,  namely  the  Folin  and 
the  Momer-Folin  methods,  the  writer  ventures  to  offer  another 
which  he  thinks  possesses  some  advantages. 

The  aim  of  the  new  method  is  great  accuracy  of  estimation 
under  all  circumstances,  whether  the  urine  examined  be  normal 
or  pathological,  himian  or  animal.  It  will  be  noticed  that  the 
method  is  really  a  modification  of  the  Momer-Folin ^  method, 
which  is  without  question  the  most  accurate  method  in  use.  As 
to  Folin's  method,  I  wish  to  take  this  opportunity  for  saying 
that  it  holds  the  field  as  the  only  reliable  method  for  quick 
estimation.  It,  however,  is  slightly  inaccurate,  giving  a  higher 
estimation  than  the  Momer-Folin  method. 

The  proposed  method  is  as  follows.  If  the  urine  is  concen- 
trated or  contains  considerable  albumin,  dilute  it  with  an  equal 
volume  of  water.  If  it  is  alkaline,  acidulate  it  before  measuring 
the  volume  of  the  total  urine  tmder  examination.  With  an 
accurate  pipette  transfer  5  c.c.  of  urine  to  a  centrifuge  tube, 
with  another  add  5  c.c.  of  a  solution  of  phosphomolybdic  acid 
(10  per  cent.)  in  10  per  cent,  hydrochloric  acid,  cork  the  tube 
tightly,  and  let  it  stand  until  the  next  day  (probably  six  hours 
would  suffice).  Shake  down  thoroughly  with  a  centrifuge, 
decant  the  clear  supernatant  fltiid  into  a  small  dry  flask,  and  add 
barium  carbonate  freely  (corking  loosely  after  each  addition) 
tmtil  effervescence  ceases.  Then  add  powdered  barium  hydroxide 
(about  0.5  gram),  cork  tightly,  and  shake.     The   precipitate 

»  H.  M.  Hanna  Research  Fellow,  Western  Reserve  University. 
»  Momer,  Skand.  Arch.  /.  Physiol.,  xiv,  p.  301,  1903. 
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becomes  deep  blue  in  color  and  the  liquid  practically  colorless ; 
add  more  hydroxide  if  necessary  to  bring  about  this  condition. 
Then  pour  the  mixture  into  a  dry  centrifuge  tube,  cork  and 
shake  down  again,  after  which  decant  the  clear  liquid  into  a 
lo  c.c.  graduate,  and  according  to  its  quantity  measure  8  c.c. 
(represents  4  c.c.  of  urine)  or  6  c.c.  (represents  3  c.c.  of  urine) 
with  an  accurate  pipette.^  Put  this  into  a  50  c.c.  graduated 
flask.^  If  on  adding  one  drop  of  alcoholic  phenolphthalein 
solution  the  fluid  becomes  pink,  neutralize  with  10  per  cent, 
hydrochloric  acid  (a  drop  at  a  time),  and  finally  add  a  little 
more  barium  carbonate  than  will  dissolve.  The  neutral  liquid 
is  evaporated  to  small  bulk  in  a  water-bath  kept  at  about 
50®  C.  with  the  aid  of  a  stream  of  warm  dried  air,  in  the  manner 

to  be  described. 

The  flask  is  fitted  with  a  cork  ha\- 

ing  two  holes,  in  one  of  which  put  a 

short  bent  glass  tube  connected  with 

a  suction  pump;  through  the    other 

pass  a  longer  tube  so  that  the  lower 

end  of  it  is  about  i  centimeter  above 

the  surface  of  the  liquid  and  connect 

the  end  of  the  outer  bent  part  of  the 

tube  with  a  glass  worm  which  lies 

in  the  same  warm  bath  that  the  flask 

is  immersed  in  (see  diagram).    This 

worm  is    connected  in  turn  with  a 

wash  bottle  containing  concentrated 

stilphuric  acid,  so   that    air   sucked 

into  the  apparatus  is  dried  by  the 

acid.      The  flask  must  be  weighted 

or  held  by  a  clamp  to  keep  it  well 

immersed  in  the  bath. 

With  a  good  air-stream  thirty  minutes  is  usually  sufficient  to 

secure  evaporation  to  a  volume  of  about  i .  5  c.c.     When  this 

volume  is  attained,  disconnect  the  flask  and  add  i  gram  of 

powdered  barium  hydroxide.     Put  back  into  the  apparatus  and 

run  for  five  minutes.^     Cool  partially  and  add  a  mixture   of 

>  All  the  pipettes  used  should  be  standardized  against  one  another 
and  the  50  c.c.  flask. 

'  The  flask  shotild  have  a  mouth  about  1 2  mm.  in  diameter. 

'  There  should  be  enough  liquid  left  to  prevent  the  barium  hydroxide 
from  caking. 
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equal  voltimes  of  ether  and  99  per  cent,  alcohol  to  the  mark  on 
the  neck.  Add  an  additional  0.5  c.c,  to  compensate  for  the 
displacement  of  liquid  by  the  baritmi  hydroxide  and  by  the 
precipitate  (make  a  file  mark  on  the  neck  for  the  50.5  c.c. 
voltune).  Stopper  tightly  and  mix.  Let  the  flask  stand  imtil 
the  next  morning.  If  necessary  to  restore  the  volume  to  50.5 
c.c.  add  ether-alcohol.  Filter  in  the  special  apparatus*  shown 
in  the  accompanying  diagram. 

This  consists  of  a  carbon  filter  tube  fitted  onto  a  50  c.c. 
graduate  by  a  rubber  stopper,  the  filter  being  closed  by 
another  rubber  stopper,  and  both  stoppers  having  a  small 
vent  tube.  The  conical  bottom  of  the  filter  is  almost  filled 
with  a  plug  of  absorbent  cotton  rammed  down  so  that  it 
sticks  fast  but  is  not  too  tight,  and  so  that  it  presents  a 
somewhat  even  upper  surface;  two  disks  of  filter  paper  cut  to 
be  slightly  larger  than  the  diameter  at  the  surface  of  the  cot- 
ton are  dropped  in  and  then  pressed  down  and  fitted  by 
means  of  a  test-tube  held  mouth  down.  The  filter  disks 
must  be  weighted  down  by  several  short  pieces  of  glass  rod. 

Transfer  quickly  with  a  pipette  about  20  c.c.  of 
the  clear  ether-alcohol  from  the  flask  to  the  filter, 
recorking  the  latter  immediately.  When  it  has  nm 
through,  pour  into  the  filtering  apparatus  as  much 
more  of  the  ether-alcohol  as  is  possible  without 
stirring  up  the  precipitate.  This  must  be  done 
quickly,  and  the  filtering  apparatus  must  be  stoppered 
at  once.  As  soon  as  41-42  c.c.  of  filtrate  have  col- 
lected, measure  40  c.c.  with  a  pipette  and  put  it 
into  a  300  c.c.  flask  (rotmd-bottom  Jena  or  an 
**R"  flask).  Evaporate  at  50°  C.  with  the  air-stream  ap- 
paratus (see  above),  not 'quite  to  dryness.  Now  add  20  grams 
of  pure  crystalUne  magnesium  chloride  and  3  c.c.  of  chemically 
pure  hydrochloric  acid  and  make  a  Folin's  estimation.^ 

In  carrying  out  Folin's  method  the  writer  uses  at  first  a  trap 

«  The  devising  of  the  special  apparatus  for  filtering  the  ether-alcohol 
was  fotind  to  be  absolutely  necessary  to' prevent  decrease  in  volume  by 
evaporation.  I  have  found  by  experiment  that  the  loss  during  filtration 
is  almost  nil.  So  far  as  I  know  such  a  filtering  apparatus  has  not  been 
described  by  any  one  else. 

>  Folin,  Zeitschr.  f.  physiol.  Chem.^  xxxii,  p  504,  1901;  and  xxxvi,  p. 
333»  1902. 
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containing  some  water  to  act  as  a  valve  until  enough  water  has 
been  boiled  off  so  that  the  magnesium  chloride  mixture  attains 
the  proper  concentration,  which  one  can  judge  after  a  little 
experience  by  the  volume  of  the  liquid  left  in  the  flask  and  by 
the  foaming.  The  flask  is  then  quickly  attached  to  a  reflux 
condenser,  which  is  closed  at  the  top  with  a  cork  holding  a  trap 
that  contains  some  dilute  sulphuric  acid.  After  regulating  the 
flame  to  secure  steady  boiling  without  great  foaming,  the  ap- 
paratus requires  no  attention  whatsoever.  Boiling  for  an  hour 
and  forty-five  minutes  is  sufficient.  In  all  other  particulars 
the  estimation  follows  Folin's  directions.  A  control  of  mag- 
nesium chloride  and  the  other  reagents  used  must  be  put  through 
a  Folin  estimation  and  the  amount  of  decinormal  ammonia 
(about  0.5  c.c.)  obtained  must  be  deducted  from  every  urea 
estimation.  As  in  the  Momer-Folin  method  no  other  correction 
is  called  for. 

As  to  the  calculation,  if  8  c.c.  of  supernatant  fluid  was  put  into 
the  50  c.c.  flask  and  40  c.c.  of  ether-alcohol  filtrate  was  taken, 
the  (corrected)  number  of  cubic  centimeters  of  decinormal 
ammonia  in  the  distillate  must  be  multiplied  by  31 J  to  give  the 
total  cubic  centimeters  of  ammonia  corresponding  to  the  urea 
of  100  c.c.  of  urine,  or  multiplying  the  cubic  centimeters  of 
ammonia  of  the  distillate  by  o .  04375  gives  the  grams  of  nitrogen 
of  urea  in  100  c.c.  of  urine,  while  multiplying  by  0.093756 
gives  the  grams  of  urea  in  100  c.c. ;  if  6  c.c.  of  supernatant  fluid 
was  taken,  multiply  the  cubic  centimeters  of  ammonia  in  the 
distillate  by  4if,  or  by  0.05833  for  nitrogen  and  by  0.12501 
for  urea  in  100  c.c. 

The  method  has  been  fully  tested  with  solutions  of  pure 
urinary  constituents. 

(i)  Pure  urea  is  accurately  estimated,  since  a  solution,  5 
c.c.  of  which  gave  by  Kjeldahl's  total  nitrogen  method  23.4 
c.c.  of  decinormal  ammonia  in  the  distillate,  gave  by  this  urea 
method  23.45  c.c.  of  decinormal  ammonia  (two  estimations). 

(2)  Ammonium  salts  do  not  change  the  estimation.  The 
urea  solution  used  for  (i)  after  the  addition  of  ammonitun  sul- 
phate crystals  gave  for  5  c.c.  by  this  method  23 . 5  c.c.  decinor- 
mal ammonia  (two  estimations). 

(3)  Kreatinin,  hippuric  acid,  and  uric  add  cotdd  not  pos- 


H.  D.  Haskins  247 

sibly  affect  the  estimation,  for  they  are  not  converted  into 
ammonia  by  Folin's  method  (and  of  these  there  could  only  be 
a  trace  of  hippuric  acid  remaining  in  the  ether-alcohol  solution). 
Nevertheless  an  estimation  was  made  with  a  urea  solution 
(which  had  been  found  to  give  16.05  c.c.  decinormal  ammonia 
for  5  c.c.  by  Kjeldahrs  method)  after  having  added  kreatinin 
(0.2  per  cent.),  ammonium  sulphate,  hippuric  and  uric  acids; 
5  c.c.  gave  16.2  c.c.  decinormal  ammonia. 

(4)  AUantoin,  which  is  readily  decomposed  by  Folin's 
method,  and  which  slightly  increases  the  M6mer-Folin  estima- 
tion, is  eliminated  by  the  method  here  described.  After  adding 
allantoin  in  excess  to  the  solution  used  in  (3) ,  5  c.c.  gave  15.7  c.c, 
decinormal  ammonia.  If  the  estimations  of  (3)  and  (4)  be  aver- 
aged together,  the  result  (15.95  c.c.)  is  practically  identical 
with  the  Kjeldahl  estimation  on  the  urea  alone. 

(5)  Urochrome  is  eliminated.  A  strong  solution  of  uro- 
chrome  containing  a  trace  of  urea  gave  by  this  method  i  .03  c.c. 
decinormal  ammonia  for  5  c.c.  while  by  Folin*s  method  it  gave 
1 . 4  c.c.  Folin's  estimation  is  apparently  increased  by  uro- 
chrome, for  a  urochrome-urea  solution,  5  c.c.  of  which  gave 
22.5  c.c.  decinormal  ammonia,  gave  after  treatment  with  silver 
sulphate  solution  (the  silver  precipitating  urochrome)  only 
20.85  c.c.  decinormal  ammonia  from  the  eqtiivalent  amount  of 
solution. 

The  urochrome-urea  solutions  were  obtained  by  extracting  evaporated 
urine  with  absolute  alcohol.  The  residue  after  evaporating  the  alcohol 
was  dried  in  the  desiccator.  On  removing  from  the  desiccator,  the 
urochrome  took  up  moisture  rapidly  from  the  air  and  could  soon  be 
drained  off  from  the  urea  crystals.  The  urea  content  was  proportional 
to  the  extent  of  the  deliquescence. 

Oxyproteic  acid  was  not  obtainable  for  testing,  but  it  is 
well  known  that  the  treatment  with  barium  and  ether-alcohol 
eliminates  it  by  precipitation. 

Thus  none  of  the  normal  nitrogenous  constituents  of  urine 
affect  the  accuracy  of  the  method. 

A  comparison  of  estimations  on  urine  by  Folin's  and  Momer- 
Folin's  methods  with  those  given  by  the  method  under  con- 
sideration  is  made  in  the  following  table,  reported  as  cubic 
centimeters  of  decinormal  ammonia  from  5  c.c.  of  urine. 
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COMPARATIVE  TABLE  OP  ESTIMATES. 

Urine 

Folin's 

M6mer-Folin 

Niimber. 

Method. 

Method. 

New  Method 

Remarks. 

c.c. 

c.c. 

c.c. 

1 

12.14 

16.1 

16.37 

Diabetic  \irine. 

2 

12.6 

11.65 

11.4 

Phosphorus  pois- 
oning in  a  doc[. 
Much  bile  in  the 

3 

22.66 

21.4 

21.1 

urine. 

4 

23.94 

22.9 

22.5 

Phenol  poisoning. 

5 

27.8 

25.6 

25.62 

Acute  nephritis. 

About  0.275  per 

cent,  albumin. 

6 

29.84 

27.5 

27.36 

On  standard  diet. 

7 

14.9 

14.2 

14.45 

On  low  diet. 

8 

28.85 

27.64 

26.66 

On  standard  diet. 

9 

52.0 

50.3 

49.9 

On  meat  diet. 

10 

10.56 

10.4 

11 

14.36 

13.33 

12 

20.26 

20.0 

13 

41.35 

40.4 

14 

40.3 

38.8 

15 

38.5 

37.5 

16 

34.35 

33.3 

17 

46.1 

44.5 

Urines  6-17  were  normal  urines  collected  for  the  metabolism 
experiment  recorded  in  a  separate  article  in  this  Journal  (see 
Table  I.,  p.  219).  As  to  the  result  on  Urine  i,  it  is  to  be  recalled 
that  Folin's  method  is  admittedly  very  inaccurate  when  sugar 
is  present  in  the  urine.  ^ 

The  ammonia  in  the  urine  was  estimated  by  Folin's  method, 
the  air-stream  being  kept  up  for  at  least  three  hours.  It  will  be 
observed  that  the  Mdmer-Folin  and  the  new  method  give  practi- 
cally identical  results,  while  Folin's  method  gives  a  little  higher 
result  than  the  others  in  every  case  (except  i). 

Since  the  results  of  the  new  method  agree  so  closely  with 
those  by  the  Mdmer-Folin  method,  it  seems  reasonable  to  con- 
clude that  the  former  method  is  as  accurate  for  urine  as  the 
latter.  What  then  are  the  supposed  advantages  over  the  M6mer- 
Folin  method?  In  the  first  place  it  is  a  method  in  which  aliquot 
parts  are  taken,  obviating  all  the  tmcertainty  that  exists  when 
precipitates  have  to  be  washed.  Further,  it  should  be  more 
efficient  than  the  Mdmer  method  in  eliminating  nitrogenous 
>  M6mer, loc.  cit.\  Folin,  Amer.  Jowm,  of  Physiol,,  xiii,  p.  46,  1905. 
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bodies  other  than  urea,  first,  because  of  the  use  of  phospho- 
molybdic  acid  (it  may  well  turn  out  that  with  certain  patho- 
logical urines  this  method  is  distinctly  more  accurate  than  the 
others  because  of  the  use  of  this  reagent) ;  second,  because  of  the 
greater  concentration  of  the  ether-alcohol  than  in  Momer  esti- 
mations, for  in  the  latter  almost  10  per  cent,  of  water  is  present 
(5  c.c.  urine  and  5  c.c.  barium  mixture  with  100  c.c.  ether- 
alcohol)  while  only  2-3  per  cent,  of  water  is  present  in  our 
estimations;  also  the  increase  of  the  proportion  of  ether  (50  per 
cent,  as  against  33  per  cent,  by  Momer's  method)  is  doubtless 
more  effective  in  throwing  some  constituents  of  the  urine  out 
of  solution:  for  instance,  allantoin  is  insoluble  in  ether  and 
absolute  alcohol,  and  we  have  seen  that  the  new  method  elimi- 
nates it,  whereas  by  the  M6mer-Folin  method  4.8-7  per  cent, 
of  the  allantoin  enters  into  the  estimation.^  More  hippuric  acid 
is  removed  by  this  new  method  than  by  any  other.  Since  the 
reagents  used  for  Folin's  estimation,  however,  do  not  de- 
compose hippuric  acid,  this  fact  is  not  of  practical  importance. 
The  use  of  magnesium  oxide  is  ayoided,  which  is  desirable  since 
in  the  Momer  method  this  substance  can  decompose  some  of  the 
urea  if  the  evaporation  temperature  be  not  kept  low  enough. 

The  method  prevents  at  least  the  following  nitrogenous  bodies 
from  being  included  in  the  urea  estimation:  ammonia,  kreatinin, 
allantoin,  hippuric  acid,  uric  acid  and  other  purins,  oxyproteic 
acid,  urochrome  and  some  other  coloring  matters,  proteids,  and 
amido  acids. 

With  diabetic  urine  it  is  as  accurate  as  the  M6mer-Folin 
method. 

The  method  could  imdoubtedly  be  modified  for  urea  estima- 
tions in  blood. 

The  cost  of  reagents  for  the  estimation  is  less  than  for  the 
Momer-Folin  method. 

Phosphotimgstic  acid^  must  not  be  substituted  for  phospho- 
molybdic  acid,  since  most  samples  of  the  former  precipitate  urea 
and  some  do  not  precipitate  the  ammonia  completely. 

It  is  the  author's  intention  to  test  the  method  more  fully  in 
the  near  future. 

»  Momer,  loc.  cit. 

'  This  is  used  in  the  SchOndorff  method. 


THE  DIGESTIBILITY  AND  UTILIZATION  OF  SOME  POLY- 
SACCHARIDE CARBOHYDRATES  DERIVED  FROM 
LICHENS  AND  MARINE  ALGM. 

By  T.  SAIKI. 
(From  the  Sheffield  Laboratory  of  Physiological  Chemistry ^  Yale  University.) 

(Received  for  publication,  July  19,  1906.) 

During  the  last  few  years  increased  attention  has  been  directed 
to  the  employment  of  a  number  of  peculiar  food  materials 
hitherto  restricted  in  use  to  a  few  coimtries.  The  most  familiar 
of  the  products  are  furnished  by  the  algae  and  lichens,  while 
some  imdergroimd  storage  organs  of  flowering  plants  afford  the 
unusual  compounds  of  the  inulin  type.  A  recent  publication 
of  the  Bureau  of  Fisheries*  has  pointed  out  that  while  marine 
plants  are  extensively  utilized  in  France,  Ireland,  Scotland,  and 
other  European  coimtries,  in  the  East  Indies,  in  China,  and 
elsewhere,  in  no  other  coimtry  are  such  products  relatively 
and  actually  so  important  or  utilized  in  such  a  large  variety  of 
ways  as  in  J[apan.  The  products  enter  extensively  into  the 
dietary  of  the  Japanese;  and  since  all  of  the  important  prepara- 
tions can  be  made  from  plants  easily  available  in  the  United 
States,  it  has  lately  been  suggested  that  they  ought  to  find  a 
ready  use  in  dietetic  ways  in  this  country.^  This  refers  espe- 
cially to  several  groups  of  plant  products  characterized  by  their 
content  of  types  of  carbohydrates  differing  notably  from  those 
which  constitute  the  staple  nutrients  of  our  diet. 

Carrageen,  or  Irish  moss,  dulse,  laver,  and  vegetable  gelatin, 
vegetable  isinglass  or  agar-agar,  are  the  most  familiar  seaweed 
preparations.  Iceland  moss  represents  the  lichen  products; 
while  the  familiar  inulin-jrielding  plants  are  the  edible  Jerusa- 
lem artichoke  {Helianthus  tuberosus)  and  the  Japanese  Stachys 

1  H.  M.  Smith,  "The  Seaweed  Industries  of  Japan, *'  Bull,  of  the  Bureau 
of  Fisheries,  xxiv,  p.  133,  1904.  For  the  edible  algae  and  lichens  used  by 
the  Hawaiians,  cf.  Setchell,  Univ.  of  Calif.  Pub.,  Botany,  ii,  p.  91,  1905 
(limu). 

2  H.  M.  Richards,  Science,  xxi,  p.  895,  1905;  also  H.  M.  Smith,  loc.  cit., 
p.  169. 
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affinis,^  together  with  the  non-edible  roots  of  Inula  helenium, 
Dahlia  variabilis,  and  Lappa  minor  from  which  inulin  itself  is 
isolated.2  In  Japan  the  most  widely  used  edible  products 
furnished  by  marine  algae  are  nori,  kanten,  kombu,  and  wakame. 
A  description  of  these  products  together  with  detailed  informa- 
tion regarding  their  manufacture  and  commercial  uses  has  been 
published  by  the  Bureau  of  Fisheries.^  Their  chemical  compo- 
sition has  not  been  the  subject  of  adequate  investigation  until 
quite  recently.  Quantitative  determinations  of  the  so-called 
proximate  principles  were  available,  but  these  give  a  most  im- 
perfect and,  as  we  shall  see,  often  misleading  conception  of  the 
real  chemical  make-up  and  nutritive  value  of  such  products.* 
In  the  commercial  marine  algae,  starch  and  the  simpler  sugars 
are  ^arely  foimd.  Mannose  and  mannite  may  be  present ;  but 
the  materials  are  primarily  characterized  by  a  nimiber  of  inter- 
esting and  scarcely  investigated  polysaccharides  which  yield 
dextrose,  galactose,  mannose,  pentose,  and  methyl  pentose  on 
hydration  with  acids.  In  addition  to  this,  cellulose  also  occurs. 
The  fimgi  and  lichens  contain  similar  compoimds,  chitosan — 
the  polysaccharide  yielding  glucosamin — occurring  in  addition 
as  a  constituent  of  the  cell  wall.  To  these  peculiar  carbohydrates 
the  inulin  and  related  compounds  obtained  from  the  Com- 
positm,  and  the  xylose-yielding  xylan  or  wood-gum  may  be 
added  for  consideration  here. 

It  is  well  recognized  at  present  that  the  only  carbohydrates 
directly  available  in  intermediary  metabolism  are  the  simple 
monosaccharides,  particularly  the  six-carbon  sugars.     If  other 

>  C/.  V.  Noorden.  Von  Leyden's  Handbuch  der  Erndhrungstherapiet  ii, 
p.  227. 

a  C/.  Dean,  Anter.  Chem.  Journ.,  xxxii,  p.  69,  1904. 

*  Bull,  of  the  Bureau  of  Fisheries t  xxiv,  p.  133,  1904.  References  to  the 
literature  on  these  products  will  also  be  found  in  this  bulletin.  C/.  also 
K.  Yendo,  Uses  of  Marine  Algce  in  Japan,    Postelsia^  190 1. 

«The  most  valuable  data  bearing  on  the  composition  of  the  algs, 
lichens,  and  fimgi  will  be  fotmd  reviewed  by  Czapek,  Biochemie  der 
Pflamen,  i,  1905.  On  algae,  cf.  also  Koenig  and  Bettels,  Zeitschr.  f, 
Untersuchung  d,  Nahrungs-  u.  Genussmittel^  1905*  P*  4^7 ;  on  lichens,  cf, 
Ulander,  Untersuchungen  uber  die  Kohlenhydraie  der  Flechien,  Disserta- 
tion, Gdttingen,  1905 ;  Ulander  and  ToUens,  Ber,  d,  deutsch.  chem.  Gesellsch., 
xxxix,  p.  401,  1906,  where  reference  to  the  literature,  especially  to  papers 
by  ToUens  and  his  pupils,  will  be  found. 
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soluble  carbohydrates  are  introduced  parenterally  into  the  cir- 
culation without  previous  passage  through  the  alimentary  tract, 
i.  e,  without  digestive  hydrolysis,  most  of  them  are  speedily 
eliminated  in  large  part  by  the  kidneys  precisely  like  some 
foreign  substance.  This  is  true  of  inulin  and  the  soluble  lichen- 
carbohydrate  isolichenin,  as  well  as  the  more  common  carbo- 
hydrates: glycogen,  dextrin,  'soluble  starch  or  saccharose.^ 
From  this  it  appears  that  the  polysaccharides  must  be  subjected 
to  preliminary  cleavage  into  '* physiological"  sugars  before  they 
can  become  readily  available  in  nutrition.  One  naturally  in- 
quires, therefore,  whether  and  to  what  extent  the  animal 
organism  is  equipped  for  appropriate  digestion  of  the  complex 
carbohydrates  to  which  reference  has  been  made  above. 

The  growing  evidence  of  the  specificity  of  enzymes,  exemplified 
par  excellence  in  such  individual  carbohydrate  enzymes  as 
sucrases,  lactases,  amylases,  etc.,  at  once  suggests  that  mannan, 
galactan,  xylan^  pentosan,  and  all  the  other  complex  polysac- 
charides may  require  special  enzymes  for  their  conversion  into 
assimilable  sugj^rs.  The  experience  of  Professor  Mendel  and 
his  collaborators  has  already  brought  evidence  in  this  direction. 
The  polysaccharide  inulin,  apparently  so  closely  related  to  the 
readily  digested  starches,  dextrins,  and  glycogen,  and  differing 
only  as  does  *'levulan"  from  "dextran,"  is  not  hydrolyz^  by 
the  ordinary  cjimentary  enzymes.  Neither  amylolytically  active 
saliva,  pancreatic  juice,  intestinal  extracts  nor  the  vegetable 
preparation  "  Taka-diastase "  from  Eurotium  oryzcB  transform 
it  at  all  into  reducing  sugar.^  It  is,  however,  readily  converted 
into  levulose  by  acid  of  the  strength  of  the  gastric  jtiice  at  37°  C, 
even  when  proteid  is  present.  In  accord  with  the  failure  of 
inulin  to  be  digested,  Sandmeyer^  recovered  over  half  of  the 
quantity  fed  to  diabetic  dogs  in  the  faeces.  Similarly  Mendel 
and  Nakaseko*  failed  to  get  conclusive  evidence  of  glycogen 
formation  in  rabbits  after  inulin  feeding,  although  an  accumula- 

»  Cf.  Mendel  and  Mitchell,  Amer.  Journ.  of  Physiol.,  xiv,  p.  239,  1905. 

^Anter.  Journ.  of  Physiol.,  ii,  p.  xvii,  1898;  Richaud,  Compt.  rend,  de  la 
soc.  de  biol.,  liii,  p.  416, 1900;  Bierry  and  Portier,  ibid,  p.  423 ;  Bierry,  ibid,, 
lix,  p.  256,  1905;  Weinland,  Zeitschr.  f.  Biol.,  xlvii,  p.  286  (footnote), 
1905. 

»  Sandmeyer,  Zeitschr.  f.  Biol.,  xxxi,  p.  12,  1894. 

♦  Nakaseko,  Amer.  Journ.  of  Physiol.,  iv,  p.  246,  1901. 
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tion  is  easily  procured  by  using  the  derived  levulose.^  Inulin 
is  readily  converted  into  soluble  «sugar  by  the  enzyme  inulase 
(found  in  fimgi  such  as  Aspergilltis  and  Penicilium)  which  in 
turn  does  not  digest  starch,  although  it  inverts  cane-sugar.^ 

The  lichens,  formed  by  the  symbiosis  of  algae  and  ftmgi, 
furnish  a  variety  of  carbohydrates.  The  most  familiar  example 
is  the  Iceland  moss  {Cetraria  islandica),  which  has  already  been 
the  subject  of  investigation  in  this  laboratory.  ^  It  is  composed 
largely  of  soluble  polysaccharides  and  yields  two  characteristic 
products:  lichenin  and  isolichenin;  the  latter  soluble  in  water 
at  ordinary  temperatures,  the  former  separating  in  gelatinous 
form  like  starch  paste.  Ulander  and  ToUens*  have  fotmd  that 
various  more  common  species  of  lichen  differ  in  respect  to  the 
occurrence  of  these  characteristic  carbohydrates  which  are 
extracted  by  hot  water  and  gelatinize  on  cooling.  Thus  Cet- 
raria, Evemia  prunastri,  Usnea  barbata,  afford  the  similar 
carbohydrates  lichenin,  evemin,  and  usnin;  whereas  Cladonia 
rangiferina,  Siereocatdon  pascale,  Peltigra  aphtosa,  and  Cornicu- 
laria  aculeata  yield  no  such  polysaccharides.  In  all  the  lichens, 
however,  other  insoluble  polysaccharide  residues  (mannan, 
galactan,  pentosan,  and  methyl  pentosan)  are  present  in  abund- 
ance, together  with  some  cellulose.  The  chemical  nature  of 
lichenin  has  been  the  subject  of  controversy;  but  the  evidence 
that  it  is  a  **dextran"  rather  than  a  galactan  now  seems 
convincing.^ 

It  is  reported  that  lichens,  especially  Cetraria  islandica,  have 
found  wide  use  as  articles  of  diet.^  The  inhabitants  of  Iceland, 
Norway,  and  Sweden  mixed  Iceland  moss  with  various  cereals 
and  mashed  potatoes,  from  which  an  **  uncommonly  palatable 
and  healthful  bread  was  prepared.**     Sir  John  Franklin  and  his 

*  Professor  von  Noorden  lately  informed  Professor  Mendel  that  he  has 
ceased  to  recommend  the  use  of  intilin-containing  foods  to  diabetic 
patients.     C/.  v.  Leyden's  Handbuch  der  Emdhrungstherapie,  ii,  p.  227. 

« Dean.  Bot.  Gas.,  xxxv,  p.  24,  1903. 

*  Brown,  Atner,  Journ,  of  Physiol.,  i,  p.  455,  1898. 

*  Ber.  d.  deutsch.  chem.  Gesellsch.,  xxxix,  p.  401.  1906;  cf.  also  MuUer, 
Zeitschr.  f.  physioL  Chem,,  xlv,  p.  278,  1905. 

« C/.  Brown,  loc,  cit, ;  Ulander  and  ToUens,  loc.  cit. ;  Muller,  loc.  cit.  The 
galactan  nature  of  lichenin  was  advanced  by  Bscombe,  Zeitschr,  f,  physiol, 
Chem.,  xxii,  p.  295,  1897. 

*  Schneider,  A  Text-book  of  Lichenology,   1897,  p.  23. 
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companions  made  use  of  this  lichen  during  their  Arctic  voyages. 
It  has  especially  been  recommended  as  an  article  of  diet  for  con- 
valescents. Other  genera  reported  to  be  used  as  food  by  Polar 
navigators  are  Umbilicaria  and  Gyrophora,  referred  to  under  the 
name  of  Tripe-de-roche  or  Rock  tripe. ^  In  view  of  these  facts 
the  digestibility  of  the  specific  carbohydrates  becomes  of  con- 
siderable interest.  Brown  ^  foimd,  in  this  laboratory,  that 
ordinary  amylolytic  enzymes,  as  well  as  hydrochloric  acid  of  o .  3- 
o.  5  per  cent,  strength  have  no  noticeable  effect  on  lichenin ;  and  iso- 
lichenin  was  at  most  converted  into  a  dextrin-like  form,  without 
production  of  sugars.  These  observations  have  been  confinned 
in  our  experiments  reported  below.  In  accord  with  this  Brown 
failed  to  induce  glycogen  formation  in  rabbits  by  feeding 
lichenin. 

With  respect  to  the  digestibility  of  the  more  insoluble  types  of 
carbohydrates  foimd  in  the  lichens  and  algae  our  knowledge  is 
most  limited.  Schulze  and  Castoro^  have  been  imable  to  demon- 
strate any  digestion  of  hemicelluloses  by  means  of  ptyalin, 
pancreatin,  diastase,  of  **Taka-diastase'*;  and  the  existence  of 
enzymes  capable  of  hydrolyzing  pentose-polysaccharides  in  the 
alimentary  tract  of  man  and  the  higher  animals  is  most  imcer- 
tain.*  Pentosans  are  apparently  utilized  far  better  in  the 
alimentary  tract  of  herbivora  than  in  camivora.  To  what 
extent  non-enzymatic  fermentative  processes  contribute  to  this 
cannot  yet  be  said.  Doubtless  the  cytases  and  other  plant 
enzymes  themselves  aid  in  such  utilization.^  The  attempts  to 
obtain  evidence  of  cytases  in  mammals  have  for  the  most  part 
failed.  According  to  Slowtzoff  ^  the  carbohydrate  enzymes  of 
the  alimentary  tract  do  not  act  upon  xylan.  It  is  slowly  attacked 
by  the  acid  gastric  juice  and  poorly  absorbed.  Mannans  (salep 
extract)  are  likewise  not  hydrolyzed  by  animal  amylases,^  and 
Weinland  *  has  been  unable  to  induce  the  formation  of  manna- 

«  Smith,  Dictionary  of  Popular  Names  of  Economic  Plants,  i88a,  p.  418. 
2 Loc.  cit.\  cf.  also  Berg,  Jahresb,  d.  Chem.,  1873,  p.  848. 
^  Zeitschr,  f.  physioL  Chem.,  xxxvii,  p.  50,  190a. 

•  C/.  Neuberg,  Ergeb.  d.  Physiol.,  iii,  I,  p.  421,  1904. 

»  Cf,  Bergmann,  Skand.  Arch.  f.  Physiol.^  xviii,  p.  1 19,  1906. 

•  Zeitschr.  f.  physioL  Chem.,  xxxiv,  p.  181,  1901. 

»  Cf.  Gatin,  Compt.  rend,  de  la  soc.  de  hiol.,  Iviii,  p.  847,  1905. 

•  Zeitschr.  f.  Biol.,  xlvii,''p.  a8o,  1905. 
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nases  in  dogs  by  appropriate  feeding.  In  lower  forms,  however, 
cytases  and  xylanases  are  reported  to  occur.  ^  In  plants  these 
polysaccharide  enzymes  doubtless  arise.  Finally  the  value  of 
unusual  sugars  such  as  pentoses,  mannose,  glucosamin,  etc.,  in 
nutrition  is  not  yet  satisfactorily  established;  accordingly  they 
deserve  little  recommendation  as  actual  nutrients. ^  It  is  inter- 
esting, therefore,  to  find  the  following  comment  in  Schneider's 
Lichenology:  **In  general  it  may  be  stated  that  lichens  were 
used  as  an  article  of  diet  only  in  case  of  famine  or  in  those  coun- 
tries where  cereals  are  not  abundant,  principally  because  all 
lichens  contain  a  bitter  principle  which  is  very  disagreeable  to 
the  taste  and  difficult  to  remove  and  which  has  a  deleterious 
effect  upon  the  digestive  tract,  producing  a  form  of  intestinal 
inflammation.*'  (p.  23). 

EXPERIMENTS. 

We  have  made  a  study  of  the  digestibility  of  a  number  of 
typical  products,  viz.: 

1.  Extracts  of  Cetraria  islandica  (Iceland  moss)  containing  lichenin. 

2.  Extracts  of  Chondrus  crispus  (Irish  moss),  containing  a  gelatinizing 

carbohydrate. 

3.  Japanese  kombu  (konbu).*     Under  this  name  the  Japanese  recog- 

nize several  kinds  of  standard  foods  prepared  from  Laminari- 
acecB,  especially  L.  japonica.  It  is  ordinarily  cooked  with  soups 
or  served  as  a  vegetable.  The  carbohydrates  which  it  yields 
by  acid  hydrolysis  are  glucose,  fructose,  pentose,  and  methyl 
pentose. 

4.  Japanese  wakame.     From  Undaria  pinnatifida.      This  alga  3rields 

d-galactose  in  addition  to  the  sugars  just  mentioned.  Alaria 
esculenta  is  similarly  used  by  the  Scotch  and  Irish. 

5.  Japanese  nori  (Asakusanori).     Prepared  from  various  species  of 

Porphyra  and  sold  in  thin,  paper-like  sheets.  It  yields  espe- 
cially i-galactose  and  d-mannose. 

6.  Agar-agar  (kanten).     This  familiar  product  is  prepared  from  the 

«  Cf.  Biedermann  and  Moritz,  Arch.  f.  d.  ges.  Physiol.,  Ixxiii,  p.  236, 1898 ; 
Seilli^re,  Contpt.  rend,  de  la  soc.  de  biol.^  Iviii,  p.  20,  1905;  Pacant,  ibid, 
p.  29;  v.  Furth,  Vergl.  chem.  Physiol.,  pp.  190,  226. 

a  Cf.  Neuberg,  loc.  cit.  (pentosans  and  pentoses) ;  Bial,  Berl.  klin. 
Wochenschr.,  1905;  Ewald,  Festschrift,  (glucosamin). 

*The  modes  of  preparation  of  this  and  the  other  Japanese  seaweed 
products  are  described  in  the  Bureau  of  Fisheries  Bulletin,  No.  562;  also 
by  K  Yendo,  Postelsia,  1901.  The  data  regarding  the  carbohydrates  are 
taken  from  Koenig  and  Bettels,  loc.  cit.,  p.  457. 


T.  Saiki  257 

hot-water  extracts  of  various  species  oKGelidium  and  differs 
somewhat  according  to  its  origin.  It  yields  galactose  and  pen- 
tose, the  galactan  forming  about  one-third  of  the  dry  substance ; 
pentosans  about  3 . 5  per  cent. ;  cellulose,  o .  5  per  cent. 

Beaker  Digestions.  Metlwds,  Two  preparations  of  agar- 
agar  were  used  in  the  form  of  a  i  per  cent,  jelly.  The  other 
products  were  used  in  finely  comminuted  form  after  being  boiled 
with  hot  water  and  suspended  therein.  The  enzyme  prepara- 
tions included  (a)  filtered  human  saliya,  (b)  pancreatic  juice 
collected  from  dogs  after  injections  of  secretin,  (c)  alcoholic 
(20  per  cent.)  extracts  of  dog's  pancreas,  (d)  chloroform-water 
extracts  of  dog's  and  pig's  intestine,  (e)  malt  diastase,  (f)  Taka- 
diastase  (Parke,  Davis,  &  Co.),  (g)  inulase,  prepared  from 
Aspergillus  niger}  The  digestive  mixtures,  preserved  with 
toluene  were  kept  at  a  constant  temperature  of  40°  C.  and  tested 
after  twenty  hours,  and  again  at  the  end  of  three  days,  for 
reducing  sugars  with  Fehling's  solution.  Whenever  the  reaction 
was  positive  a  second  test  for  osazones  was  made  with  phenyl- 
hydrazine.  In  every  case  a  control  trial  was  carried  out  imder 
the  same  conditions  with  boiled  enzyme  extracts;  the  latter 
experiments  were  uniformly  negative.  The  trials  were  often 
repeated  and  the  numerous  protocols  need  not  be  recorded  here. 
The  results  are  summarized  below: 

Piycdin.  The  amylolytic  power  of  the  saliva  used  was  always  pre- 
viously established  with  starch  paste.  The  digestion  tubes  contained  the 
following  proportions  : 

Product  used 20  c.c.  (or  ao  gm.) 

Saliva 10  c.c. 

Toluene 3  drops. 

The  restdts  of  the  trials  were  imiformly  negative.  Occasionally 
minute  traces  of  reduced  copper  precipitate  were  obtained  in  the  tests 
after  three  days*  digestion.  This  was,  however,  not  a  constant  result. 
Osazones  were  never  obtained. 

Papcreatic  Amylase,  The  tests  were  made  with  amyloljrtically  active 
enzyme  solutions.  The  pancreatic  juice  was  used  in  proportion  of  i.$ 
or  2  c.c.  to  10  c.c.  of  the  carbohydrate  material;  or  20  c.c.  of  the  latter 
were  mixed  with  10  c.c.  of  the  pancreatic  extracts.  The  results  were 
negative  in  every  case. 

Intestinal  Extract,    This  contained  very  active  invertin.     It  was  used 

»For  thi'j  preparation,  active  on  inulin,  I  am  indebted  to  Dr.  A.  L. 
Dean.  Fo  •  the  method  of  preparation  see  Dean,  Bot.  Gaz,,  xxxv,  p.  26, 
1903. 
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in  the  proportion  of  10  c.c.  to  20  c.c.  of  the  carbohydrate  mixtures.     The 
results  were  all  negative. 

Vegetable  Amylases.  With  malt  diastase  no  digestion  whatever  was 
obtained  in  many  trials.  With  Taka-diastase  (from  EuroUum  oryzae) 
the  carbohydrate  extracts  of  Iceland  moss  and  Irish  moss  gave  sugar 
tests  after  20  hoixrs*  digestion.  Usually  crystalline  osazones  could  be 
obtained.  The  other  preparations  were  not  hydrolyzed.  Strong  solu- 
tions of  the  enzyme  were  used. 

Inulase,  The  results  obtained  with  this  enzyme  were  comparable 
with  those  just  reported  for  vegetable  amylases.  They  suggest  interesting 
questions  regarding  the  specificity  of  enzjrmes,  especially  those  of  vege- 
table origin.     A  specimen  protocol  is  tabulated  below: 


Reduction  Test  with 

Fehling's 

Solution. 

Digestion  Mixture  at  40®  C. 

(Toluene,  3  drops.) 

After  20  hrs. 

After  3  days 

1  %  agar,        20  gm.  +  2%inulase  sol.,  1  c.c. 
Iceland  moss,  20  c.c. 

__ 

^ 

+ 

+ 

Irish  moss,       20    " 

+ 

-1- 

Asakusanori,    20    " 

— 

trace? 

Kombu.           20    " 

— 

i( 

Wakame,         20    '* 

— 

(i 

Inulin,              20    " 

+ 

+ 

Hydrolysis  by  Dilute  Acid.     In  order  to  simulate  conditions  prevailing 
in  the  alimentary  tract  the  extracts  were  subjected  to  0.4  per  cent. 
/  hydrochloric  acid  at  40®  C.  for  20  hours.     Traces  only  of  reducing  com- 
pounds could  be  produced  by  this  process,  quite  in  contrast  with  the 
behavior  of  inulin,  fdr  example,  towards  acid  gastric  juice.     No  definite 
osazone  tests  could  be  obtained.     Agar-agar  was  subjected  to  the  action 
of  dilute  acid,  then  washed  to  neutral  reaction  and  tested  with  saliva  and 
\  diastase.     The  digestibility  was  only  slightly  facilitated  by  this  mild 
I  preliminary  hydrol3rtic  treatment. 

Bacterial  Digestion,  The  action  of  three  cultures  of  Bacillus  coll 
communis  ^  on  culture  material  containing  comminuted  sea-weed  or 
lichen  carbohydrates  was  investigated.  Witte's  "peptone"  (i  per  cent.) 
was  added,  the  mixtures  sterilized,  inoculated,  and  Fehling's  test  tried 
at  the  end  of  the  third  and  seventh  days,  with  negative  results.  In  one 
series,  Liebig's  extract  of  meat  was  also  added  to  the  extent  of  i  per  cent. 
With  one  of  the  cultures  slight  gas  production  was  regularly  noted  in  the 
media  with  agar-agar,  Cetraria  and  Chondrus. 

Utilization  Experiments.    Plan,    The  preceding*  artificial 
«  For  these  I  am  indebted  to  Professor  L.  P.  Rettger. 
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digestion  experiments  gave  little  promise  of  a  successful  utili- 
zation of  the  lichen-  and  alga-carbohydrates  in  the  animal  body.^ 
Nutrition  experiments  undertaken  to  test  this  point  have  verified 
the  deduction  made.  In  addition  to  a  standard,  easily  digested 
diet,  various  preparations  were  fed  to  dogs  or  ingested  by  the 
author,  and  the  carbohydrate  content  of  the  corresponding 
faeces  compared  with  what  the  normal  control  diet  alone  afforded. 
The  method  applied  for  the  quantitative  determination  consisted 
in  boiling  3  grams  of  dried  faeces  with  120  c.c.  of  2  per  cent, 
hydrochloric  acid  for  2  hours.  The  mixture  was  then  cooled, 
neutralized,  filtered,  and  made  up  to  200  c.c.  In  this  fluid 
reducing  sugar  was  determined  by  Allihn's  gravimetric  method, 
the  cuprous  oxide  being  filtered  on  a  Gooch  crucible  and  weighed 
as  cupric  oxide.  The  length  of  time  selected  for  the  acid 
hydrolysis  was  decided  upon  after  a  preliminary  experiment  in 
which  various  products  used  for  feeding  were  boiled  with  2  per 
cent,  hydrochloric  acid  and  samples  removed  at  intervals  for 
the  estimation  of  sugar.     The  data  are  given  below: 


Supar  Formed  (Estimated 
as  Dextrose)  after  Boiling. 

Materials  Used 

(1  gm.  substance  4-  100  c.c.  2  per  cent. 

HCl). 

1  hour. 

3  hours. 

5  hours. 

per  cent. 

per  cent. 

percent. 

Agar-agar  (Japanese) 

64.1 

49.5 

46.3 

Agar-agar  (sotirce  unknown) 

62.6 

54.0 

45.3 

Agar-agar         "              " 

60.1 

47.6 

44.2 

Aear-agar  (recovered  from  faeces)* 
Wakame 

47.3 

8.8 

34.9 
13.0 

32.4 
13.2 

Nori 

25.5 

21.5 

23.2 

Kombu 

20.1 

26.9 

28.8 

Cetraria  islandica,  dried. 

48.2 

46.8 

44.2 

Chondrus  crispus,  dried. 

67.6 

74.4 

74.1 

*  The  lower  figures  obtained  with  this  are  undoubtedly  due  to  the  high 
ash  content  of  the  (impure)  preparation. 

Feeding  Trials.  I.  A  small  dog  was  fed  on  a  daily  diet  of  300  gms.  of 
meat.  On  two  days  350  c.c.  and  290  c.c.  respectively  of  an  extract  of 
Chondrus  crispus,  containing  i  per  cent,  of  dry  substance  and  estimated 
after  analysis  to  yield  a  total  of  4. 5  gms.  sugar,  were  fed  with  the  meat. 
The  faeces  of  this  two-day  period  were  marked  off  by  feeding  finely 

>  It  is  stated  in  Thorp's  Dictionary  of  Applied  Chemistry  that  agar-agar 
is  used  to  make  a  paste  not  eaten  by  insects. 
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grovind  cork.      A  comparison  of  the  composition  of  the  air-dry  faeces 
with  a  sample  of  both  previous  and  subsequent  dajrs  was  made. 


Fore-period 

Chondrus-period 

After-period 


Sugar  by  Hydrolysis 
of  Faeces. 


Air-dry  Faeces  per  Day. 


No  reduction  test 
2.7  grams  U2.2  %) 
Trace  only 


3  grams. 
11 
4J 


(I 


it 


No  reducing  compound  was  found  in  the  urine.  The  effect  of  the 
Chondrus  polysaccharides  is  evident  in  the  increased  quantity  of  faeces 
as  well  as  the  undecomxx)sed  carbohydrate  present.  In  this  connection  it 
is  interesting  to  note  that  in  unpublished  experiments  conducted  under 
Professor  Mendel's  guidance,  Mr.  Courten  failed  to  induce  glycogen 
formation  in  rabbits  after  liberal  feeding  with  Chondrus  carbohydrates. 

II.  A  small  dog  received  a  mixed  diet  of  meat,  milk,  bread,  and  cracker 
meal.  On  one  day  zo  gms.  of  agar-agar  were  added  in  the  form  of  jelly. 
The  faeces  were  marked  off  as  well  as  possible  with  lamp-black  and  analyzed 
as  in  Experiment  I.     The  carbohydrate  content  (as  sugar)  was  as  follows : 

Fore-period,  2  days 18  per  cent.  1 

Agar-period,  1  day 32      " 

After-period 27       "       » 

III.  A  small  dog  was  fed  with  meat.  On  two  d&ys  an  extract  of 
Cetraria  islandtca  containing  2  per  cent,  of  solids  was  added  in  quantities 
of  292  c.c.  and  300  c.c.  respectively.  The  carbohydrate  content  was 
estimated  as  equivalent  to  6 . 3  gms.  of  dextrose.  The  faeces  of  the  lichen- 
feeding  period  were  marked  off  by  giving  very  fine  quartz  sand  at  the 
beginning  of  the  feeding  and  cork  at  the  start  of  the  after-period.  No 
reducing  compound  was  found  in  the  urine.  The  composition  of  the 
fseces  is  given  below: 


T%»        A 

Composition  of  the  Faeces. 

Diet. 

Weight,  air- 
dry. 

Carbohydrate,  as  Dextrose. 

Meat                               2  days 
Meat  +  Cetraria  extract  2  days 
Meat,                              2  days 
Meat,                              2  days 

Grams. 
10 
16* 

6* 

6 

Per  cent. 

6.8 
26.8* 
24.6* 

3.2 

• 

Grams. 
0.68 
3.90* 
1.20* 
0.19 

*These  faeces  belong  to  the  Cetraria  feeding  period. 

>  These  faeces  doubtless  still  enclosed  some  agar-agar,  owing  to  the 
difficulty  of  exact  separation. 
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IV.  Experiments  on  a  man  weighing  53  kilos.  This  individual  (T.  S.) 
is  im usually  free  from  intestinal  disturbances  of  any  sort.  The  faeces  in  all 
the  trials  were  marked  off  with  lamp-black.  On  a  very  liberal  mixed  diet, 
including  vegetables  like  com,  the  dry  faeces  contained  as  much  as  7  per 
cent,  of  carbohydrate,  calculated  as  dextrose.  The  results  of  successive 
two-day  periods  on  a  mixed  diet  kept  approximately  comparable 
follow : 


Faeces. 

Food. 

Weight. 

Carbohydrate,  as  Dextrose. 

Fresh. 
Grams. 

Air-dry. 
Grams. 

Grams. 

Per  cent. 

Usual  diet  +  20  gm. 

agar-agar  in  jelly 

form         ^ 
Usual  diet,  alone 
Usual  diet  +  10  gm. 

agar-agar 

317 
120 

317 

51 
29 

43 

9.2 
1.9 

7.4 

18.0 
6.7 

17.2 

Since  the  agar-agar  used  yielded  over  50  per  cent,  of  reducing 
carbohydrates  it  will  be  noted  that  the  utilization  of  the  poly- 
saccharides was  very  imperfect.  The  effect  on  the  total  mass  of 
faeces  passed  is  also  very  marked.  The  agar  easily  retains  water 
in  the  alimentary  residues  and  prevents  the  formation  of  dry, 
hard,  faecal  masses  which  readily  induce  constipation.  This 
property  of  the  agar,  together  with  its  failure  to  dissolve  readily 
by  digestion  or  fermentative  change  has  led  Professor  Mendel 
to  suggest  its  use  in  appropriate  cases  of  chronic  constipation, 
with  very  satisfactory  results.  The  same  suggestion  has  lately 
been  advanced  by  Schmidt,  ^  without  experimental  evidence  of 
the  kind  here  presented. 

The  results  of  .another  series  of  observations  extending  over 
eighteen  days  are  summarized  below.  The  individual  periods 
each  covered  two  days,  the  faeces  being  marked  off  correspond- 
ingly with  lamp-black.  The  daily  diet,  selected  in  accord  with 
the  subject's  preference,  consisted  uniformly  of 


» Munch,  med.  Wochenschr.,  i905»  P-  1970- 
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Beef  steak,  513  grams. 
Bread,  500-600  grams. 
Sugar,  40  grams. 
Butter,  31  grams. 
Three  eggs. 
T^'o  apples. 

In  alternate  periods  the  algae  preparations  were  added  in 
boiled  form,  the  quantity  being  distributed  through  the  three 
meals.  Nitrogen  estimations  were  made  by  the  Kjeldahl- 
Gunning  method. 

UTILIZATION  EXPERIMENTS  ON  MAN. 


Volume 
c.c. 

Urine. 

Faeces. 

Substance  added  to 
the  Diet. 

Specific 
Gravity 

Nitro- 
gen. 

Grams 

Weight. 

Nitrogen. 

Carbol 
(as  Dc: 

Air-dry 
Grams. 

lyHratc 
ictrose). 

Moist 
Grams. 

Air-dry 
Grams. 

1 

Air-dry 
Grams. 

4.1 

Air-dr\ 

Per 
cent. 

6.6 

Air-drj 

Per 
cent. 

A«ar.a^ar.    19  gm.         , 

1276 
1450 

1.027 
1.026 

20.3 
24.8 

[-313 

62 

8.8 

14.4 

None 
None 

1315 
1930 

1.026 
1.017 

24.3 
25.7 

1 222 

46 

3.6 

7.7 

0.7 

1.6 

Wakame,   20  gm. 
20  •• 

1570 
1600 

1.025 
1.026 

24.8 
26.6 

[321 

70 

4.9 

7.0 

3.4 

4.8 

None 
None 

1400 
1440 

1.028 
1.026 

23.5 
25.3 

j.275 

55 

4.4 

8.0 

0.7 

1.4 

Asakusanori.   A  gm. 

6     ••         , 

1530 
1615 

1.024 
1.025 

23.7 
23.1 

[207 

52 

4.3 

8.3 

trace 

0.1 

None 
None 

1400 
1255 

1.024 
1.025 

23.4 
22.8 

}m 

43 

3.4 

8.0 

trace 

0.1 

Kombu.    25  gm, 
20  ^' 

1650 
1610 

1.024 
1.024 

25.4 
25.7 

[-234 

59 

4.7 

8.0 

2.5 

4.2 

None 
None 

1810 
1460 

1.023 
1.025 

23.4 
24.8 

|.168 

41 

3.9 

9.6 

trace 

0.1 

Raw  "Italian "Chest- 
nuts  iCasianea) 

150  gm. 
68  •• 

1 

1495 
1420 

1.024 
1.025 

24.8 
24.7 

233 
76 

29 
21 

2.0 
1.8 

7.0 
8.5 

1 

1     4.9 

!   0.7 

16.9 
3.2 

The  experiment  with  unboiled  chestnuts  was  added  to  ascer- 
tain the  effect  of  raw  starch  on  the  composition  of  the  faeces  in 
comparison  with  algae  carbohydrates.  The  results  indicate  the 
relative  indigestibility  of  starch  offered  in  this  form. 

Cliaracter  of  the  Unabsorbed  Carbohydrates  in  tlie  Faces,  In 
the  experiments  with  agar-agar  an  attempt  was  made  to  recover 
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the  unused  material  where  a  considerable  quantity  of  faeces  was 
available.  They  were  extracted  with  hot  water  and  the  extracts 
precipitated  ^'ith  alcohol.  The  precipitate  was  redissolved  in 
hot  water  and  allowed  to  gelatinize  on  cooling.  The  pieces  of 
solid  jelly  were  soaked  in  water  to  remove  soluble  salts  and  other 
carbohydrates,  then  redissolved  in  hot  water  and  again  pre- 
cipitated with  alcohol.  The  products  were  characteristic  in 
respect  to  solubility  and  gelatinizing  power;  but  as  the  analysis 
(p.  259)  shows,  they  were  still  relatively  impure.  Normal  faeces 
failed  to  give  any  agar-like  carbohydrate. 

Conclusions.  A  sxirvey  of  the  protocols  indicates  the  poor 
utilization  of  the  Japanese  preparations — a  result  which  our  pre- 
liminary studies  on  digestibility  lead  one  to  anticipate.  The 
polysaccharide  carbohydrates  of  such  products  as  we  have  ex- 
amined are  scarcely  attacked  by  familiar  alimentary  enzymes  or 
profoimdly  altered  by  such  bacterial  processes  as  they  might  be 
expected  to  become  subject  to  in  the  digestive  tract  of  man.  It 
is  an  interesting  observation  that  some  of  the  enzymes  of  plant 
origin  seem  to  be  somewhat  more  effective  in  liberating  sugars 
from  these  polysaccharides.  The  exhaustive  review  of  Japanese 
nutrition  investigations  recently  published  by  Professor  Oshima^ 
contains  references  to  several  studies  on  the  utilization  of  the 
nutrients  of  dietaries  rich  in  algae  food  preparations.  The 
compilation  of  one  himdred  and  twenty-five  nutrition  investi- 
gations on  Japanese  shows  the  following  average  coefficients 
of  digestibility  (p.  54): 


Utilization  of 

Kind  of  Food. 

Protein. 
Per  cent. 

Fat. 
Per  cent. 

Carbohydrate. 
Per  cent. 

Ordinary  mixed  diet 
Vegetable  mixed  diet 

87 
78 

85 
82 

98 
98 

In  contrast  with  these  figures  are  the  results  obtained  in  trials 
with  algae  as  food  (p.  194.) : 

»  U.  S.  Dept,  of  Agric,,  Office  of  Exper,  Stations,  Bull,  No.  159,  1905. 
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Coefficient  of  Digestibility. 

Dried  Marine  Algae. 

Carbohydrates,  Including 
Crude  Fibre. 

Crude  Fibre. 

Ecklonia  hicyclis 

Laminaria  sp. 
(t 

Ulopteryx  pinrtaiifidce 

36.2 
75.2 
55.0 

72.8 

17.8 
55.3 
65.4 

2.8 

Such  experiences  warn  us  against  the  extravagant  claims  for 
some  of  the  modem  food  products  manufactured  from  marine 
algae.^  As  food  accessories  they  doubtless  have  a  deserved 
place  and  they  may  well  serve  uses  quite  apart  from  any  nutrient 
functions.  But  at  the  present  time  they  can  scarcely  be  rated 
as  effective  foodstuffs.  It  has  been  claimed  that  some  of  the 
species  rich  in  nitrogen,  e,  g.,  Porphyra,  are  particularly  valuable 
because  of  their  content  of  proteid.  The  latter  is,  however, 
merely  calculated  on  the  basis  of  the  nitrogen  content.  The 
experience  gained  in  the  case  of  the  mushrooms  where,  according 
to  Mendel,^  the  nitrogen  is  largely  in  the  form  of  imavailable 
non-proteid  compounds,  has  indicated  what  erroneous  inferences 
may  be  drawn  regarding  the  nutritive  values  of  plant  substances 
rich  in  nitrogen.  Until  more  is  known  regarding  the  character 
^  of  the  nitrogenous  constituents  of  the  algae,  it  seems  best  to 
reserve  judgment  on  this  point.  The  number  of  algae  sus- 
ceptible of  being  prepared  in  palatable  ways  is  doubtless  very 
large;  perhaps  it  is  after  all  not  without  significance  that  in  this 
country  they  have  not  found  favor  in  competition  with  an 
abundance  of  wholesome  and  more  distinctly  nutritive  food 
materials. 


SUMMARY. 

Experiments  with  a  variety  of  alga  and  lichen  preparations 
containing  a  large  proportion  of  polysaccharide  carbohydrates 

>  Some  of  these  preparations  are  sold  as  substitutes  for  animal  gelatin. 
One  widely  used  agar  product*  which  we  have  examined  contains  the 
statement  on  the  package:  "Its  food  value  is  more  than  double  that  of 
an  equal  weight  of  eggs  or  beef-steak." 

^Amer,  Joum.  of  Physiol.,  i,  p.  225.  1898. 
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indicated  that  the  latter  were  not  readily  transformed  to  sugar 
by  carbohydrate-digfesting  enzymes  of  animal  origin  and  scarcely 
more  readily  by  vegetable  enzymes  or  bacteria.  Corresponding 
with  this,  the  digestibility  and  availability  of  such  products  in 
the  alimentary  tract  were  found  to  be  very  imperfect  in  both  man 
and  animals.  The  restdts  of  these  investigations  should*  be 
applied  in  criticism  of  the  claims  made  for  some  of  the  '*food 
preparations"  rich  in  indigestible  carbohydrates,  and  many  food 
materials  more  properly  rated  as  **food  accessories/*  Inci- 
dentally the  basis  for  certain  therapeutic  uses  of  sea-weed 
preparations  has  been  indicated 

I  desire  to  acknowledge  the  help  and  criticism  of  Professor 
Mendel,  who  suggested  this  study  to  me. 


ON   THE   SEPARATION    OF   INDOL    FROM   SKATOL  AND 
THEIR  QUANTITATIVE  DETERMINATION. 

By  C.  a.  HERTER  and  M.  LOUISE  FOSTER. 
(Received  for  publication,  July  lo,  1906.) 

In  a  recent  publication  ^  it  was  pointed  out  that  the  presence 
of  indol  in  a  solution  can  be  detected  by  means  of  j3-napthaqui- 
none-sodium-monosulphonate,  and  that  owing  to  certain  proper- 
ties possessed  by  the  compound  formed  by  the  union  of  indol 
with  this  napthaquinone  compoimd  it  is  possible  to  determine 
with  considerable  accuracy  the  quantity  of  indol  in  solution.  As 
indol  is  sometimes  associated  in  the  course  of  putrefaction  with 
skatol  (this  is  not  infrequently  the  case  with  the  contents  of  the 
large  intestine)  it  becomes  desirable  to  have  a  method  for  the 
separation  of  indol  from  skatol.  These  putrefactive  decompo- 
sition products  may  be  separated  by  means  of  their  picrates,  but 
the  method  involves  so  much  time  as  to  make  it  unfit  either  for 
clinical  or  ordinary  chemical  investigations.  It  is  believed  that 
the  method  about  to  be  described  will  prove  practically  helpful 
in  effecting  the  rapid  and  nearly  complete  separation  of  indol 
from  skatol  and  that  it  will  further  serve  for  the  determination 
of  the  quantity  of  skatol  present. 

The  method  is  based  on  the  fact  that  by  means  of  the  naptha- 
quinone compound  above  mentioned,  it  is  possible  to  remove  the 
indol  almost  completely  from  a  solution  containing  both  indol 
and  skatol,  and  that  the  skatol  remaining  after  the  removal  of 
the  indol  can  be  distilled  and  recognized  by  means  of  the  di- 
methylamidobenzaldehyde  reaction  described  by  Ehrlich. 

If  one  takes  a  putrefactive  mixture  containing  both  indol  and 
skatol,  these  bases  should  first  be  distilled  either  in  acid  or  alka- 
line solution,  sometimes  preferably  with  the  aid  of  steam.  In 
the  distillate  the  skatol  passes  over  earlier  than  the  indol,  as  can 
be  easily  shown  by  means  of  the  blue  color  which  it  gives  on 
boiling  with  Ehrlich's  aldehyde.     To  the  distillate  containing 

»"A  Method  for  the  Quantitative  Determination  of  Indol."  This 
Journal,  i,  p.   257,   1906. 
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the  indol  enough  sodium  or  potassium  hydroxide  is  added  to 
render  it  slightly  alkaline.  An  excess  of  the  jS-napthaquinone- 
sodium-monosulphonate  is  now  added  to  this  solution.  This 
substance  in  the  course  of  a  few  minutes  reacts  almost  completely 
with  the  indol  present  but  not  with  the  skatol,  and  the  result  of 
the  reaction  is  the  appearance  of  the  blue  or  purplish-blue  precipi- 
tate of  the  newly  formed  indol  naphthaquinone  compotmd,  which 
may  be  removed  by  filtration.  In  cases  where  the  concentration 
of  indol  is  too  small  to  give  rise  to  a  precipitate  when  treated 
with  the  napthaquinone  compoimd  the  solution  simply  develops 
a  green  or  greenish-blue  color.  The  solution  is  now  acidified  and 
subjected  to  distillation  (with  or  without  the  use  of  steam). 
The  skatol  passes  over  into  the  distillate ;  the  indol  is  held  back 
in  the  form  of  the  napthaqtiinone  compoimd  with  the  exception 
of  a  very  small  uncombined  portion  which  passes  over  with  the 
skatol.  The  amoimt  of  indol,  however,  which  passes  over  after 
treatment  with  naphthaquinone  is  so  small  that  it  is  practically 
negligible,  although  its  presence  is  detectable  through  the  red  color 
which  it  gives  when  acted  upon  by  dimethylamidobenzaldehyde. 
The  distillate  containing  skatol  is  boiled  with  a  solution  of  Ehr- 
lich's  aldehyde  in  sulphuric  acid.^  A  slight  amount  of  dilute 
hydrochloric  acid  is  now  added  and  has  the  effect  of  intensify- 
ing the  blue  color  produced  by  boiling  the  skatol  with  the 
Ehrlich  aldehyde  solution.  A  little  experience  is  required  to  find 
the  amount  of  hydrochloric  acid  which  gives  the  maximal  intensi- 
fication of  the  reaction.  An  excess  of  hydrochloric  acid  causes  the 
blue  color  to  fade.  It  is  important  to  use  an  excess  of  the  Ehrlich 
aldehyde  solution  in  order  to  develop  fully  the  color  reaction 
with  skatol.  The  color  obtained  through  the  action  of  Ehrlich's 
aldehyde  upon  skatol  is  purple-blue  rather  than  blue  so  long  as 
the  solution  is  hot.  On  cooling  it  imder  the  tap  the  blue  color 
asserts  itself  more  strongly  and  the  solution  may  become  some- 
what opalescent  from  the  separation  of  imcombined  dimethyl- 
amidobenzaldehyde. Chloroform  is  now  added  to  the  solution 
containing  the  blue  product.  On  agitation  with  the  solution 
this  carries  out  the  blue  color,  and  the  chloroform  assumes  a 
pure  blue  tint.     By  means  of  a  good  colorimeter  the  quantity 

>  Five  per  cent,  aldehyde  in  ten  per  cent,  sulphtiric  acid. 
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of  skatol  present  in  the  original  solution  may  be  approximated 
by  the  intensity  of  the  color  reaction. 

On  evaporating  the  chloroform  containing  the  blue  color 
resulting  from  the  action  of  dimethylamidobenzaldehyde  on 
skatol  one  obtains  an  amorphous  blue  material  which  can  be 
partially  purified  from  the  admixture  with  Ehrlich's  aldehyde 
by  the  use  of  petroleum  ether.  The  nature  of  this  compoimd  is 
not  at  present  known.  The  melting-point  of  our  preparation  lay 
between  65°  C.  and  66'*  C. 

Apparently  few  micro-organisms  growing  on  bouillon  are  capa- 
ble of  making  skatol,  at  least  within  a  week  or  ten  days,  although 
many  bacteria  are  able  in  the  same  length  of  time  to  produce 
considerable  indol.  It  was  foimd  that  by  inoculating  an  aspara- 
gus-bouillon medium  with  mixed  flora  from  the  feces  of  a  normal 
pig  or  from  certain  human  fecal  material  considerable  skatol 
was  formed  in  the  course  of  two  weeks.  ^  From  a  putrefactive 
mixture  obtained  by  the  action  of  pig's  feces,  17 .  29  milligrams^ 
of  skatol  were  recovered  from  244  cubic  centimeters  of  the 
asparagus-bouillon  medium — ^a  very  large  jrield  of  skatol.  The 
separation  of  skatol  from  the  culture  was  in  this  case  easily 
effected  by  means  of  the  method  outlined,  and  the  blue  compoimd 
obtained  in  chloroform  solution  was  indistinguishable  from  that 
obtained  from  a  pure  solution  of  skatol. 

In  another  instance  in  which  indol  was  present  in  a  culture 
containing  a  larger  quantity  of  skatol  than  indol,  an  equally 
satisfactory  separation  was  made. 

The  method  of  separating  indol  and  skatol  here  described  has 
been  used  in  a  routine  way  during  the  past  eight  months  in  con- 
nection with  the  study  of  the  feces  and  has  given  satisfaction. 
To  twenty-five  grams  of  the  material  has  been  added  twenty 
cubic  centimeters  of  water  and  one  to  two  cubic  centimeters  of 
a  ten  per  cent,  sodium  hydroxide  solution.  The  suspension  is 
then  subjected  to  distillation  with  the  aid  of  steam  imtil  the 
distillate  no  longer  gives  a  color  reaction  when  boiled  with  the 

»  The  exact  conditions  that  must  prevail  to  secure  this  large  formation 
of  skatol  have  not  been  determined  and  difficulty  has  been  met  with  in 
duplicating  these  results  at  will. 

2  This  result  was  reached  by  a  colorimetric  observation.  Other  obser- 
vations on  the  same  material  gave  the  f oUowing  fairly  concordant  results : 
17.87  mg.,  i8.6a  mg.,  18.62  mg.,  19.29  mg. 
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dimethylamidobenzaldehyde  solution.  Ordinarily  the  indol  and 
skatol  present  go  over  completely  within  an  hour,  but  where  the 
material  develops  frothing  a  more  prolonged  distillation  may  be 
necessary.  When  the  distillate  has  been  obtained,  it  is  treated 
in  the  mannner  above  outlined  for  the  separation  of  indol  and 
skatol.  In  some  cases  one  obtains  only  skatol  from  the  feces, 
but  as  a  rule  indol  is  also  present.  In  the  presence  of  indol  the 
chloroform  extract,  instead  of  being  a  pure  blue,  may  have  a 
slightly  purplish  tinge,  owing  to  unavoidable  admixture  with  a 
slight  amount  of  indol. 

It  is  important  in  making  the  colorimetric  estimations  of  the 
quantity  of  skatol  present  to  employ  a  standard  color  solution 
for  comparison  with  the  color  obtained  from  the  distillate  con- 
taining the  skatol.  Various  dyes  have  been  tried  with  a  view 
to  obtaining  a  standard  solution  which  will  retain  its  color 
unchanged.  Experience  has  shown  that  the  best  standard  color 
solution  is  one  obtained  from  a  solution  of  skatol.  Although 
such  a  solution  fades  after  a  few  days,  especially  when  exposed 
to  the  light,  and  may  assume  a  greenish  tint,  in  the  dark  it  may 
last  several  weeks  without  tmdergoing  appreciable  change. 
Moreover  as  the  skatol  standard  solution  is  readily  prepared, 
there  is  little  disadvantage  from  being  compelled  to  renew  the 
color  solution  from  time  to  time.  This  solution  may  be  con- 
veniently prepared  by  dissolving  five  milligrams  of  skatol  in 
water  and  acting  upon  it  with  an  excess  of  dimethylamidobenzal- 
dehyde.  It  commonly  requires  from  one  hundred  to  one 
hundred  and  fifty  cubic  centimeters  of  chloroform  to  extract 
completely  the  blue  coloring  matter  which  has  already  been 
described.  The  quantity  of  coloring  matter  present  is  sufficient 
to  impart  a  deep  blue  color  to  this  volimie  of  chloroform.  Ten 
cubic  centimeters  of  this  solution  are  placed  in  the  receptacle 
of  the  Duboscq  colorimeter  and  used  as  a  standard  for  compari- 
son with  the  chloroform  color  solution  obtained  from  the  dis- 
tillate to  be  tested.  The  matching  of  the  colors  can  usually  be 
made  very  closely.  In  cases  where  the  quantity  of  skatol  is  so 
small  that  the  trace  of  indol  present  influences  the  color  of  the 
chloroform  solution,  changing  it  to  violet  or  even  purple,  it  is 
more  difficult  to  obtain  a  satisfactory  matching  of  colors.  In 
this  case  it  may  be  necessary  to  add  a  small  quantity  of  indol  to 
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the  skatol  employed  in  making  the  standard  color  solution. 
This  then  imparts  to  the  standard  color  solution  a  violet  tint 
like  that  obtained  from  the  distillate  to  be  matched.  It  seems 
unnecessary  to  give  further  details.  After  some  experience 
with  the  method  of  matching  colors  it  is  possible  to  employ  the 
method  so  that  it  will  give  satisfactory  quantitative  results. 


ON  THE  POISONS  OF  AMANITA  PHALLOIDES. 

By  JOHN  J.  ABEL  and  WILLIAM  W.  FORD. 
{From  the  Pharmacological  Laboratory  of  the  Johns  Hopkins  University,) 

(Received  for  publication,  August  6,  1906.) 

It  has  recently  been  shown  by  one  of  us  (W.  W.  Ford^)  that) 
the  poisons  of  the  fimgus  Amanita  phalloides,  the  variety 
responsible  for  the  great  majority  of  deaths  from  mushroom 
intoxication,  belong  to  the  group  of  bacterial  toxins.  They  were 
thus  classified  in  virtue  of  their  causing  characteristic  lesions  in  . 
animals  after  a  definite  latent  period,  and  because  an  immunity 
may  be  established  toward  them  in  susceptible  animals  after  the 
administration  of  non-lethal  doses.  The  serum  obtained  by 
Ford  from  his  immtmized  animals  was  antihaemolytic  and  anti- 
toxic in  character;  it  prevented  the  solution  of  blood  corpuscles 
in  vitro  and  neutralized  the  poisonous  action  of  the  fimgus  on 
animals. 

Ford^  also  proved  that  the  haemolytic  principle  first  described  ^ 
by  Robert  tmder  the  name  phallin,  as  the  only  poison  present'; 
in  the  fimgus,  is  in  fact  accompanied  by  a  highly  toxic,  ther- 
mostabile  substance  devoid  of  haemolytic  properties,  whose 
presence  can  be  demonstrated  by  biological  experiments.  For 
this  thermostabile  substance  an  antitoxin^  can  be  produced 
devoid  of  any  antihaemolytic  action  and  Ford  has  proposed  for 
it  the  provisional  name  Amanita  Toxin. 

In  view  of  the  importance  that  attaches  to  the  ph3r5ical  and 
chemical  properties  of  toxins  in  elucidating  questions  of  immunity 
it  was  determined  to  make  a  chemical  study  of  the  poisons  of 
Amanita  phalloides,^ 

^Joum.  of  Infect,  Dis.,  iii,  pp.  192-224,  1906. 

*Journ.  of  Exper.  Med.,  viii,  pp.  437-450,  1906. 

*  Loc.  cit.,  p.  219. 

4  It  was  only  after  this  paper  was  partly  written  that  we  learned  of 
Kobert's  announcement  in  1899  that  he  had  discovered  a  second  poison 
with  alkaloidal  properties  in  the  fungus  in  question.     That  this  paper 
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PREVIOUS   CHEMICAL   ANALYSES. 

The  earliest  investigation  of  a  chemical  nature  on  the  active 
principles  of  poisonous  fungi  is  probably  that  of  Letellier^  who 
in  1826  obtained  from  a  considerable  variety  of  fimgi  (A. 
muscaria,  A,  phalloides,  and  A.  verna)  a  highly  resistant  body 
which  he  called  Amanitin.  Subsequently  Letellier  and  Speneux^ 
obtained  two  poisons  from  a  fungus  found  in  the  vicinity  of 
Paris  and  known  as  Hypophyllum  crux  tnilitense  (Paulet), 
probably  a  variety  of  Amanita,  One  of  these  poisons,  which 
was  obtained  from  both  alcoholic  and  aqueous  extracts,  caused 
in  cats  a  violent  inflammation  of  the  mucous  membrane  of  the 
alimentary  canal,  with  vomiting  and  diarrhoea ;  the  other  poison 
was  very  resistant,  withstanding  boiling  and  treatment  with 
acids;  it  also  had  the  capacity  after  boiling  with  weak  sulphuric 
acid  of  reducing  copper  solutions.  This  latter  substance  is 
characterized  as  a  glucosidal  alkaloid,  identical  with  the  Amanitin 
originally  described  by  Letellier.  The  action  of  this  substance 
is  described  as  being  purely  narcotic. 

Boudier^  in  1866  attempted  to  give  a  methodical  analy^s  of 
the  constituents  of  Amanita  phalloides.  As  present  in  the  fresh 
juice  he  names  glucose,  albumin,  a  mucilaginous  substance, 
viscosine,  a  hygroscopic  viscous  substance,  myc^tide,  tannin, 
citric  acid,  malic  acid,  and  their  salts,  fats  and  oils  and  inorganic 
salts,  as  potassium  chloride  and  calcium  phosphate.  None  of 
these  substances  are  described  as  being  toxic,  and,  indeed,  his 
methods  of  treatment  were  such  that  his  products  could  not  have 
retained  their  toxicity.    At  one  stage  of  his  operations  he  ob- 

eluded  our  earlier  search  is  accounted  for  by  the  fact  that  it  appeared 
in  a  Journal  found  in  but  few  libraries  and  that  it  is  not  referred  to  in 
such  books  as  Kunkel's  Handbuch  der  Toxikologie  although  this  author 
was  engaged  in  a  controversy  with  Kobert.  Kobert*s  statements  in 
regard  to  this  alkaloid  appear  in  an  address  published  in  the  Sitzungs^ 
berichte  der  naiurforschetiden  Gesellschaft  mu  Rostock,  p.  26,  i899»  Anhang 
to  the  Archiv  des  Vereins  der  Freunde  der  Naturgeschichte  in  Mecklenburg, 
liii,  1899,  II  Abtheilung.  We  have  now  obtained  the  original  paper 
and  reference  wiU  be  made  to  it  later. 

1  Th^se  de  Paris,  i8a6. 

>  Annales  d^hyg.  pub.  et  de  mid.  leg.,  p.  71,  1867. 

s  Des  champignons  au  point  de  vue  de  leurs  caractkres  usuels,  ckimiques 
et  toxicologiques,  x866. 
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tained  a  small  quantity  of  an  impure  residue  which  was  supposed 
to  contain  the  neutral  salt  of  an  alkaloid.  He  reports  that 
experiments  with  this  material  on  mice  were  inconclusive  in  their 
results.  Boudier  named  this  asstuned  alkaloid  btdbosinef  but  he 
was  unable  on  accoimt  of  lack  of  material  to  isolate  it  or  even 
to  establish  its  presence  to  the  satisfaction  of  subsequent  workers. 

Or^^  in  1877  experimented  with  extracts  made  from  both 
fresh  and  dried  fungi  and  concluded  on  biological  grotmds  alone 
that  the  toxic  principle  of  the  fungus  is  an  alkaloid  "qui  off  re 
avec  la  strychnine  une  parenti  physiologique  incontestable.  **  To 
this  hypothetical  substance  Or^  gave  the  name  phalloidin. 

From  this  time  on,  little  of  importance  was  accomplished  tmtil 
Robert'  in  1891  made  the  important  observation  that  aqueous 
and  saline  extracts  of  dried  Amanita  phalloides  contain  a  sub- 
stance which  rapidly  dissolves  the  blood  corpuscles  of  a  variety 
of  animals  even  in  dilution  of  1-125,000  of  the  dried  material. 
This  substance,  which  Kobert  named  phallin,  he  regarded  in  his 
earlier  communication  as  the  sole  toxic  constituent  of  the  fungus 
in  question.  As  contained  in  simple  extracts,  Kobert  foimd 
phallin  to  be  a  highly  unstable  substance,  easily  rendered  inactive 
by  contact  with  acids,  alcohol,  and  other  agents,  and  by  exposure 
to  a  temperature  of  70®  C.  His  extracts  contained  a  little 
coagulable  proteid  and  the  similarity  of  this  unstable  haemolytic 
substance  to  a  haemolytic  poison  secreted  by  certain  spiders 
(Spinnengtft)  t  which  Kobert  also  believed  to  be  proteid  in 
character,  led  him  to  assert  that  the  blood-laking  poison  of 
Amanita  phalloides  is  a  toxalbumin. 

It  must  be  clearly  pointed  out  that  phallin  was  not  isolated 
by  Kobert  and  that  his  statements  in  regard  to  its  chemical 
nature  rest  on  inference  alone.  Our  own  observations  lead  us  to 
believe  that  Kobert's  characterization  of  this  haemolytic  sub- 
stance as  a  toxalbumin  is  entirely  erroneous. 

A  few  years  later  Seibert,^  working  in  Kunkel's  laboratory 
with  Amanita  citrina,  a  variety  of  A.  phalloides,  was  unable  to 
demonstrate  any  haemolytic  substance  in  this  ftmgus  although 
it  was  a  definitely  toxic  to  certain  animals. 

»  Arch,  de  physioL  norm,  et  path,  (II),  xl,  p.  274,  1877. 

a  St.  Petersburger  med.  Wochenschr.,  xvi,  pp.  463,  471,  1891. 

» Inaug.  Dissert.,  Munchen,  1893. 
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KunkeP  concludes  that  the  phallin  of  Kobert,  while  very  inter- 
esting from  the  pharmacological  point  of  view,  plays  no  r61e  in 
recorded  cases  of  poisoning,  since  on  the  basis  of  his  pupil 
Seibert's  work  he  believes  that  this  principle  is  not  present  in  the 
juice  of  the  fresh  fimgus  {A,  citrina),  and  furthermore,  even  if 
present,  it  would  be  rendered  inert  by  a  temperature  far  below 
that  at  which  mushrooms  are  cooked.  Finally,  neither  clinical 
symptoms  nor  the  pathological  lesions  in  recorded  cases  of 
poisoning  can  be  brought  into  agreement  with  the  action  of  any 
known  haBmol)rtic  substance. 

Bourquelot,^  while  accepting  phallin  as  being  the  haemolytic 
and  poisonous  principle  of  the  fimgus,  is  not  convinced  that  it 
is  a  toxalbumin  since  the  fungi  remain  poisonous  after  cooking 
while  toxalbumins  lose  their  activity  at  70°  C. 

Finally,  in  1899,  Kobert^  in  his  second  commimication  upon 
this  subject  noted  that  after  precipitating  aqueous  extracts  of 
the  fungus  with  alcohol  the  clear  filtrate  contained  a  highly  active 
poison  without  haemolytic  properties.  This  he  stated  to  be  an 
alkaloid. 

This  poison  also  was  not  isolated  by  Kobert.  He  limits  him- 
self to  the  statements  that  it  is  insoluble  in  ether,  soluble  in 
alcohol,  and  **  gives  precipitates  with  certain  alkaloidal  reagents." 
As  these  stetements  apply  equally  well  to  many  plant  extracts 
which  contain  non-nitrogenous  glucosides,  citrates,  chlorides, 
pigmentary  and  resinous  substances,  but  no  alkaloid,  it  cannot  be 
claimed  that  they  throw  much  light  on  the  chemical  nature  of 
this  second  poison. 

OUR    METHOD    OP   PREPARING    A    HiBMOLYTIC    EXTRACT. 

About  50  grams  of  dried  A.  phalloides,^  which  had  been 
accurately  identified  as  such  in  the  fresh  state,  were  crushed  in 
a  mortar  and  then  mixed  with  300  c.c.  of  distilled  water.     After 

»  Handbuch  der  Toxikologie,  ii,  p.  1048,  1901. 

»  Richet,  Did,  de  phystoL,  iii,  1898,  Art.,  Champignons. 

*  Journal  cited  in  footnote  to  p.  273. 

«  In  all  cases  the  fungi  employed  were  identified  by  the  help  of  standard 
publications  on  mycology,  especially  those  of  Atkinson,  Farlow,  and  Peck. 
Only  the  pure  white  A.  phalloides  or  A.  vema  was  used,  the  yellow  variety, 
frequently  called  A,  cilrina,  and  specimens  with  a  brownish  or  grayish 
pileus  being  reserved  for  special  investigation. 
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standing  on  ice  for  two  days  the  mixture  was  strained  through 
linen  and  the  fluid  thus  obtained  passed  through  filter  paper  and 
then  through  a  Berkefeld  candle.  This  process  was  repeated  in 
order  to  remove  completely  the  poisons  from  the  dried  material. 
The  combined  filtrates  from  the  Berkefeld  candles,  usually 
amotmting  to  between  600  and  700  c.c,  were  concentrated  imder 
reduced  pressure  at  a  temperature  not  exceeding  35°  C,  and 
to  the  concentrated  extract  absolute  alcohol  was  added  in  small 
quantities  at  a  time  till  no  further  precipitate  was  found.  This 
precipitation  occtirs  rapidly  and  the  supernatant  alcohol  should 
be  poured  off  quickly  to  avoid  any  but  the  briefest  contact.  The 
precipitate  thus  formed  contains  the  haemoljrtic  substance  while 
the  straw-colored  alcoholic  filtrate  contains  the  deadly  Amanita 
toxin.  This  filtrate  was  concentrated  immediately  imder  reduced 
pressure  until  freed  from  alcohol. 

FURTHER  TREATMENT  OP  THE  IMPURE  HiBMOLYSIN. 

The  precipitate  containing  the  haemolysin  can  be  further 
purified  by  solution  in  a  small  quantity  of  water  and  by  precipi- 
tation with  "Coltunbian  spirits.'*^  This  precipitation  mtist 
be  effected  as  quickly  as  possible  and  the  alcohol  then  removed, 
as  experience  has  shown  that  prolonged  contact  with  methyl 
alcohol  is  decidedly  injurious  to  the  haemolytic  activity  of  our 
substance.  The  floccident  or  granular  precipitate  is  dried  in 
vacuo  over  sulphuric  acid.  When  dry  it  consists  of  brown  scales 
and  Itmips  so  hygroscopic  in  character  that  exposure  to  air  soon 
causes  them  to  assume  a  tarry  consistency.  This  material  is 
powerfully  haBmol)rtic.  It  contains,  so  far  as  our  observations 
show,  a  very  small  amount  of  proteid,  a  pigmentary  substance, 
inorganic  salts,  and  a  glucoside  which  constitutes  by  far  the 
greater  bulk  of  the  precipitate. 

The  presence  of  proteid  can  best  be  demonstrated  as  follows.  A  con- 
siderable quantity  of  the  precipitate  jvist  described  is  dissolved  in  a  smaU 
quantity  of  water,  thymol  is  added,  and  the  solution  is  dialysed  in  a  col- 
lodion sac  for  forty-eight  hours.     The  sac  is  renewed  three  or  four  times 

lit  seemed  to  us  that  this  commercial  preparation  of  methyl  alcohol 
which  contains  a  little  free  acid  of  organic  nature  is  more  effective  as  a 
precipitant  than  pure  methyl  alcohol  of  the  same  strength  (93  to  97 
per  cent.). 
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during  the  progress  of  the  dialysis.  The  pigmentary  substances  which 
obscure  proteid  reactions  are  thus  largely  removed.  Trichloracetic  acid 
in  substance  is  now  added  to  the  contents  of  the  sac  till  no  further  pre- 
cipitation occurs.  The  turbid  mixture  is  transferred  to  a  separatory 
funnel  and  shaken  with  an  equal  volume  of  ether.  As  a  result  the  pre- 
cipitated proteid  collects  at  the  boundary  between  the  ether  and  the 
water  and  may  easily  be  obtained  upon  a  filter.  It  is  then  found  to  be 
so  far  free  from  pigment  that  it  responds  in  the  most  satisfactory  manner 
to  the  biuret  reaction  and  to  MiUon's  test.  The  color  obtained  in  this 
biuret  reaction  was  the  fine  violet  characteristic  of  native  proteids. 
The  dialysates  were  found  to  be  free  from  proteids  both  of  the  coagulable 
and  non-coagulable  class. 

ON     THE     REMOVAL    OP    PROTEID     PROM    THE     METHYL    ALCOHOL 
PRECIPITATE  WITHOUT  LOSS  OP    HiBMOLYTIC  ACTIVITY. 

Having  thus  shown  that  proteid  is  present  in  the  methyl 
alcohol  precipitate,  it  remains  to  determine  whether  it  can  be 
removed  from  this  precipitate  without  materially  lessening  its 
haemolytic  activity.  We  have  found  that  this  may  be  accom- 
plished by  at  least  two  methods,  involving  the  use  of  meta- 
phosphoric  acid  and  of  uranyl  acetate. 

Method  I.  Metaphosphoric  Acid.  This  acid  must  be 
freshly  prepared  and  used  at  once  to  ensure  satisfactory  results. 
Phosphorus  pentoxide  is  spread  out  in  a  thin  layer  on  the  bottom 
of  a  wide-mouthed  Erlenmeyer  flask,  and  a  plug  of  moistened 
filter  paper  is  then  suspended  in  the  mouth  of  the  flask.  In  half 
an  hour  or  less  the  metaphosphoric  acid  is  ready  for  use.  By 
means  of  a  glass  rod  a  little  of  the  thick  viscous  acid  is  added  to  an 
aqueous  solution  of  the  methyl  alcohol  precipitate  until  the 
proteid  is  completely  coagulated.  The  proteid  material  is 
removed^  'by  means  of  a  small  filter  charged  with  absorbent 
cotton,  and  the  filtrate  is  again  tested  with  metaphosphoric  acid. 
After  this  treatment  our  solution  gives  no  turbidity  when  poured 
upon  crystals  of  trichloracetic  acid. 

This  proteid-free  solution  after  neutralization  with  sodium 
bicarbonate  to  cochineal  as  an  indicator  is  foimd  to  have  retained 
its  haemolytic  activity  practically  tmaltered.  Control  experi- 
ments  with   similar   quantities   of  metaphosphoric   acid,   also 

1  Neither  here  nor  when  tiranyl  acetate  was  used  did  we  wash  the  pre- 
cipitate. 
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neutralized  with  sodium  bicarbonate,  had  absolutely  no  injurious 
effect  on  red  corpuscles. 

In  proof  of  the  above  statement  that  our  haemolytic  solution 
is  now  entirely  free  from  proteid  material  capable  of  giving  the 
biuret  reaction  we  may  cite  the  following  experiment. 

After  treatment  with  metaphosphoric  acid  as  above  described, 
the  neutralized  solution  was  treated  with  lead  acetate,  tmtil 
precipitation  was  almost  complete,  was  filtered,  and  the  filtrate 
completely  precipitated  with  solution  of  basic  lead  acetate. 
The  two  precipitates  were  then  separately  suspended  in  water 
and  each  decomposed  with  hydrogen  sulphide.  After  filtering 
off  the  lead  sidphide,  the  filtrates  were  separately  concentrated 
to  a  small  voltune.  With  neither  solution  could  the  biuret  re- 
action be  obtained.  We  thus  see  that  freshly  prepared  meta- 
phosphoric acid  is  a  complete  precipitant  for  native  proteids. 

Method  II.  Uranyl  Acbtate.  The  methyl  alcohol  precipi- 
tate containing  the  haemolysin  was  dissolved  in  water  made 
faintly  alkaline  with  sodium  carbonate  and  then  treated  with  a 
saturated  solution  of  uranyl  acetate  until  no  further  precipitate 
was  obtainable.  During  the  precipitation  care  must  be  taken 
that  this  mixture  remains  nearly  neutral  in  its  reaction  toward 
litmus,  as  more  than  a  trace  of  free  acid  is  decidedly  injurious 
to  the  haemolysin. 

After  removing  the  precipitated  proteid  by  filtration,  the  excess 
of  uranyl  was  removed  from  the  filtrate  by  treating  it  with  a 
solution  of  disodium  hydrogen  phosphate.  The  filtrate  from 
the  uranyl  phosphate  showed  no  diminution  in  haemolytic  activity 
as  compared  with  the  original  solution.  Our  second  method 
leads  us  to  the  same  conclusion  that  the  small  amount  of  proteid 
originally  present  in  our  methyl  alcohol  precipitate  has  nothing 
to  do  with  its  haemolytic  activity. 

It  may  be  stated  here  that  Kowalewsky^  has  shown  that  uranyl 
acetate  will  completely  remove  from  various  albtmiinous  fluids 
every  trace  of  proteid  giving  a  biuret  reaction,  and  that  Jacoby* 
and  others  have  used  this  reagent  for  the  removal  of  proteids 
from  faintly  alkaline  solutions. 

We  have  thtis  been  able  to  show  that  proteid  may  be  precipi- 

>  Zeitsckr.  /.  anal.  Chem,,  xxiv,  p.  551,  1885. 
» Zeitschr.  /.  physioL  Ckem,,  xxx,  p.  135,  1900. 
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tated  from  our  haemoljrtic  solutions  without  appreciable  loss 
of  their  power  to  dissolve  red  blood  corpuscles.  We  feel  justified 
in  asserting,  therefore,  that  this  haemolytic  principle  is  not  a 
toxalbumin  and  that  Kobert  was  in  error  when  he  characterized 
it  as  such. 

We  do  not  forget  that  there  are  substances  found  among  the  end 
products  of  digestion  (peptoids,  i)eptids)  and  in  the  urine  (oxyproteic 
and  uroproteic  acid)  which  no  longer  give  the  biuret  reaction,  but  which 
on  chemical  grounds  are  to  be  regarded  as  closely  allied  to  the  true  pro- 
teids.  Substances  of  the  first  class  which  might  possibly  be  formed  by 
autolysis  in  drying  fungi  or  even  in  the  regressive  metabolism  of  these 
plants  may  be  eliminated  on  the  grotmd  that  they  are  more  resistant  in 
their  behavior  toward  chemical  reagents  (acids)  and  heat,  more  soluble 
in  weak  alcohol,  and  diffuse  more  rapidly  through  a  collodion  sac  than 
does  otir  haemolysin.  Substances  of  the  second  class  (uroproteic  acid, 
oxyproteic  acid)  are  precipitated  by  cupric  acetate,  which  reagent  fails 
to  precipitate  the  haemolysin.  Furthermore,  both  Kobert  and  Ford 
have  shown  that  the  hsemolysin  loses  its  activity  on  exposure  to  those 
digestive  ferments  which  would  have  no  further  action  on  substances 
of  the  peptoid  class. 

Criticisms  of  the  above  nature,  however,  lose  their  force  in 
view  of  the  facts  presently  to  be  adduced,  which  show  that  the 
haemolytic  substance  is  a  glucoside.  This  new  point  of  view, 
again,  is  confirmed  by  the  results  of  the  experiments  with 
ferments.  We  have  fotmd  that  the  hydrochloric  acid  alone  of  a 
pepsin-hydrochloric  mixture  will  deprive  the  haemolysin  of  its 
blood-laking  power,  so  that  it  becomes  imnecessary  now  to 
attribute  any  action  to  pepsin  itself.  In  reference  to  the  action 
of  pancreatin,  it  must  be  borne  in  mind  that  this  product  con- 
stitutes a  mixture  of  ferments  which  is  known,  for  example,  to 
be  capable  of  liberating  glucose^  from  triacetyl  glucose,  and  it 
is  not  surprising  that  it  should  also  eflEect  the  decomposition 
of  our  unstable  glucoside.  Kdlliker  and  Muller^  have  found  that 
pancreatic  juice  has  the  power  of  decomposing  the  glucoside 
amygdalin,  and  Fischer  and  his  pupils  have  shown  that  it  can 
effect  the  hydrolysis  of  variotis  synthetically  prepared  esters. 
It  will  later  be  shown  that  pancreatic  juice  also  deprives  our 
haemol3rtic  glucoside  of  its  blood-laking  power. 

>Acree  and  Hinkins,  Anter,  Chem,  Jour,^  xxviii,  p.  370. 

>  Cited  from  Green,  The  Soluble  Ferments  and  Fermentalion,  1899,  p.  147 . 
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HiSMOLYTIC  PROPERTIES  OP  PRESH  PUNGI. 

It  has  already  been  stated  that  Seibert,  working  in  Kunkel's 
laboratory,  was  unable  to  demonstrate  any  haemolytic  activity 
in  poisonous  extracts  of  freshly  gathered  A,  citrina  and  that 
Kunkel  therefore  concluded  that  the  haemoljrtic  substance 
described  by  Kobert  is  not  the  active  agent  to  which  recorded 
cases  of  Amanita  poisoning  can  be  referred. 

In  view  of  this  difference  of  opinion  among  authors  we  have 
recently  made  some  observations  on  perfectly  fresh  specimens 
of  A,  phalloides  (white  variety).  Aqueous  extracts  were  made 
within  a  few  hours  after  gathering  the  ftmgi.  Three  small 
plants  were  crushed  in  a  mortar  with  15  c.c.  of  distilled  water. 
The  perfectly  colorless  but  slightly  turbid  filtrate  was  powerfully 
haemolytic,  one  drop  of  the  fluid  when  diluted  one  hundred  times 
sufficing  to  lake  completely  within  an  hour  i  c.c.  of  a  5  per  cent, 
suspension  of  rabbit's  blood.  Haemolysis  occurs  very  rapidly 
with  large  quantities  of  the  undiluted  juice,  but  here  secondary 
changes  occur  due  to  the  acidity  of  the  extract.  If,  however, 
the  extract  be  first  neutralized,  the  laking  of  the  blood  occurs  in 
as  perfect  a  manner  as  with  the  diluted  but  non-neutralized 
extract.  Similar  observations  were  made  with  the  fimgi  from 
various  localities  and  we  feel  justified,  therefore,  in  asserting  that 
the  Amanita-haemolysin  is  present  in  large  amount  in  the  freshly 
gathered  fimgi. 

From  this  extract  of  the  fresh  fungi  the  proteids  were  also 
removed  by  precipitation  with  freshly  prepared  metaphosphoric 
acid  and  with  uranyl  acetate,  the  necessary  precautions  in  the 
use  of  these  reagents  being  duly  observed.  The  resulting 
proteid-free  solutions  were  perfectly  colorless,  as  clear  as  water, 
and  powerfully  haemolytic,  showing  no  noticeable  loss  of  activity. 

To  some  of  the  undiluted  fresh  extract  hydrochloric  acid  to 
the  extent  of  three  tenths  of  one  per  cent,  was  added  and  the 
mixture  allowed  to  stand  in  the  thermostat  for  two  hours  at 
37.5°  C.  At  the  end  of  this  time  the  mixture  was  practically 
devoid  of  haemolytic  activity.  A  second  experiment  in  which 
pepsin  was  used  in  addition  to  the  hydrochloric  acid  led  to  the 
same  result.  These  experiments  show  how  extremely  susceptible 
the  haemolysin  is  to  the  action  of  free  acids  even  in  great  dilution. 
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The  haemolysin  is  also  injtired  by  contact  with  weak  alkalies 
but  more  slowly  than  with  acids.  To  some  of  the  undiluted 
fresh  extract  sodium  carbonate  was  added  until  it  had  attained 
the  strength  of  an  J  Na2C03  solution.  Protected  with  thymol, 
the  extract  was  then  placed  in  a  thermostat  (37.5*^  C.)  together 
with  a  control  tube  containing  only  extract  and  thymol.  After 
remaining  for  seventy-two  hours  in  the  thermostat,  the  extract 
containing  the  sodium  carbonate  showed  a  decided  diminution 
in  haemolytic  power.  Three  drops  added  to  5  c.c.  of  a  5  per 
cent,  suspension  of  rabbit's  blood  showed  no  indication  of 
haemolysis  imtil  ten  minutes  had  elapsed,  while  the  same  quantity 
of  the  native  extract  from  the  control  tube  effected  the  laking  of 
blood  almost  instantly. 

To  2  c.c.  of  the  fresh  extract  containing  thymol  and  the  above- 
named  amount  of  soditmi  carbonate  0.5  c.c.  of  pancreatic  juice 
obtained  from  the  dog  after  the  injection  of  secretin  was  added 
and  the  mixture  placed  in  the  thermostat.  After  twenty-four 
hours  the  haemolytic  power  of  the  extract  was  greatly  diminished 
and  after  forty  hours  it  was  found  to  have  entirely  lost  its  blood- 
laking  power.  We  have  shown  that  the  haemolysin  is  not  an 
albuminous  substance  and  we  see  in  tliis  experiment  a  con- 
firmation of  our  opinion  that  it  is,  in  fact,  a  glucoside  and  one 
which  is  capable  of  being  decomposed  by  one  of  the  ferments 
of  pancreatic  juice.  We  hope  later  to  throw  some  light  on  the 
true  nature  of  this  ferment  action. 

While  the  foregoing  experiments  with  fresh  fxmgi  were  all  made 
with  A,  phalloides,  we  may  add  that  we  have  lately  found  that 
the  juice  of  fresh  specimens  of  A,  citrina,  as  growing  in  the 
vicinity  of  Baltimore,  is  also  powerfully  haemolytic. 

It  seems  hardly  possible  that  Seibert  could  have  failed  to 
demonstrate  this  property  in  his  fresh  extracts  of  A.  citrina  had 
it  been  present,  and  we  can  only  conclude,  in  view  of  his  negative 
results,  that  specimens  of  this  fimgus  growing  in  different  parts 
of  the  world  may  differ  widely  as  to  haemolytic  activity. 

We  have  thus  shown  that  the  Amanita-haemolysin  is  present 
in  fresh  specimens  both  of  the  white  and  of  the  yellow  variety 
of  the  fungus  and  we  are  of  the  opinion  that,  in  consequence  of 
its  great  susceptibility  to  acids,  it  is  under  all  ordinary  condi- 
tions  destroyed  in  the  stomach  if  it  had  not  already  become 
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innocuous  through  cooking  and  plays  no  r6le  whatsoever  in 
mushroom  poisoning.  This  opinion  finds  support  in  the  absence 
of  haemoglobiniuia  and  of  pigmentation  of  the  spleen,  two  of  the 
characteristic  signs  of  intoxication  from  haemolytic  agents. 

The  Amanita-toxin,  on  the  other  hand,  is  far  less  susceptible 
to  the  action  of  weak  acids  and  heat.  Or^  found  that  weak 
solutions  of  acetic  acid  will  extract  a  deadly  poison  from  both 
dried  and  fresh  specimens  of  Amanita,  so  that  the  residue 
becomes  edible  and  harmless.  The  acetic  extract,  however, 
contains  the  poison  with  its  virulence  apparently  imaltered. 
Ford  has  shown  that  this  toxin  will  withstand  prolonged  heating 
and  digestion  with  pepsin-hydrochloric  acid  and  pancreatin. 
We  are  therefore  forced  to  conclude  that  otir  second  poison,  the 
Amanita-toxin,^  is  from  a  practical  point  of  view,  the  poisonous 
principle  of  the  fungus,  in  a  word,  the  only  poison  which  is 
operative  in  man  after  the  ingestion  of  this  deadly  plant. 

NATURE  OP  THE  HJBMOLYTIC  SUBSTANCE. 

The  chemical  instability  of  this  substance  renders  its  isolation 
and  ptuification  a  matter  of  great  difficulty,  and  we  do  not  claim 
that  we  have  yet  obtained  a  product  pure  enough  for  elementary 
analysis.  Nevertheless,  we  believe  that  the  following  experi- 
ments throw  much  light  upon  the  nature  of  the  haemolysin  and 
indicate  that  its  identification  is  now  possible. 

Treatment  with  Basic  Lead  Acetate,  Although  Kobert  states 
that  the  haemolysin  will  not  endtire  treatment  with  lead  acetate 
and  subsequent  removal  of  lead  with  hydrogen  sulphide,  never- 
theless we  have  met  with  partial  success  in  applying  this  method 
of  isolation.  The  methyl  alcohol  precipitate  from  25  grams  of 
dried  fungi  was  precipitated  with  basic  lead  acetate,  the  precipitate 
was  thoroughly  washed  with  a  dilute  solution  of  the  acetate  and 
then  suspended  in  water  and  treated  at  room  temperature  with  a 
solution  of  sodium  sulphate.  After  the  precipitate  had  been 
repeatedly  shaken  with  this  solution  it  was  fotmd  that  little, 
if  any,  decomposition  had  taken  place.     The  precipitate  was 

iWe  wish  again  to  emphasize  the  point  that  in  thus  speaking  of  the 
Araanita-toxin  as  a  single  poison  we  are  guided  by  the  biological  experi- 
ments of  Ford;  we  are  well  aware  that  further  chemical  investigations 
may  show  that  this  toxin  consists  of  more  than  one  poison. 
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then  freed  from  sodium  sulphate,  suspended  in  much  cold  water, 
and  decomposed  with  hydrogen  sulphide.  After  removal  of 
the  lead  sulphide,  the  excess  of  hydrogen  sulphide  was  driven 
off  by  means  of  a  current  of  hydrogen  and  the  fluid  neutralized 
with  sodium  carbonate  to  cochineal  as  an  indicator.  The  solu- 
tion was  then  concentrated  to  a  small  voltmie  at  a  temperature 
not  exceeding  35°  C.  The  concentrated  solution  was  definitely 
haemolytic,  although  much  reduced  in  activity.  From  this 
solution  the  haemolysin  was  precipitated  with  ethyl  alcohol, 
immediately  freed  from  alcohol,  and  dried  in  vacuo  over  sxilphuric 
acid.  When  dry  it  consisted  of  hard,  gray  liunps  which  rapidly 
absorbed  moisture  on  exposure  to  air  and  which  in  smallest 
quantity  gave  all  the  glucosidal  reactions  to  be  later  described. 
This  material  also  exhibited  haemolytic  activity,  though  not 
to  the  extent  that  would  be  demanded  if  the  large  amount 
of  originally  active  extract  be  taken  into  accoimt.  Lack  of 
material  prevented  us  from  making  a  more  careful  study  of  this 
method  at  the  time,  especially  with  regard  to  the  influence  of 
temperattu-e  and  the  maximtun  streng^th  of  free  acetic  acid 
that  can  bo  tolerated  by  the  haemolysin.  The  result  of  the 
experiment  nevertheless  points  unmistakably  to  the  conclusion 
that  our  haemolytic  principle  must  be  classed  with  the  gluco- 
sides.  This  inference  is  further  strengthened  by  the  following 
experiment. 

Dialysis  and  Removal  of  Proteid,  A  quantity  of  the  highly 
active  methyl  alcohol  precipitate  obtained  from  20  grams  of 
the  dried  fungus  was  dialysed  in  the  presence  of  thymol  in  a 
collodion  sac  against  distilled  water  for  three  days,  the  sac  being 
renewed  every  twelve  hours.  Although  the  dialysing  solution 
remained  free  from  bacteria  its  haemolytic  power  slowly  dimin- 
ished. Both  pigment  and  glucoside  appeared  in  the  dialysate. 
After  the  dialysis  had  continued  urtinterruptedly  for  three  days 
the  contents  of  the  sac  were  reduced  to  a  small  volume  at  a  low 
temperature  and  freed  from  proteid  with  freshly  prepared 
metaphosphoric  acid.  On  neutralizing  the  proteid-free  solution 
it  was  found  to  be  actively  haemolytic.  It  was  now  evaporated 
to  dryness  and  the  small  residue  thus  obtained  was  subjected  to 
qualitative  analysis.  Its  chief  constituent  was  a  glucoside  re- 
quiring previous  hydrolysis  with  an  acid  for  the  full  development 
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of  its  reducing  power  for  Fehling's  solution  or  ammoniacal  silver 
nitrate.  With  this  glucoside  were  associated  a  little  pigmentary 
matter  and  the  salts  due  to  the  use  of  metaphosphoric  acid  in  the 
removal  of  proteids.  The  same  results  were  obtained  in  a 
number  of  experiments  with  collodion  sacs  and  we  therefore 
believe  that  dialysis  leads  again  to  the  conclusion  that  otir 
haemolytic  principle  is  a  glucoside. 

The  Dicdy sates.  All  portions  of  the  dialysate,  even  when 
tested  after  being  concentrated  at  a  low  temperature,  were  fotmd 
to  be  quite  devoid  of  haemolytic  activity.  Chemical  tests  showed, 
that  the  dialysate  contained  a  glucoside  which  behaved  toward 
reagents  in  every  way  like  that  which  still  remained  in  the  dia- 
lysing  sac  and  like  that  which  was  obtained  by  the  use  of  basic 
lead  acetate.  The  later  portions  of  the  dialysate  contained  this 
glucoside  in  relative  excess  as  compared  with  other  constituents. 
The  small  amount  of  active  glucoside  left  behind  after  dialysing 
for  three  days  cannot  represent  the  total  amoimt  of  haemolytic 
substance  with  which  we  began  the  experiment,  and  we  are 
forced  to  conclude  that  the  active  glucoside  is  so  altered  in  its 
passage  through  the  wall  of  the  sac  as  to  be  deprived  of  its 
haemolytic  properties.  Kobert  fotmd  that  the  haemolysin  will 
not  pass  through  parchment;  we  have  not  yet  had  the  oppor- 
tunity of  trying  this  method. 

REACTIONS  AND  PROPERTIES  OP  THE  HiBMOLYTIC  GLUCOSIDE. 

We  have  thus  been  able  to  show  that  Amanita-haemolysin  can- 
not be  classed  with  proteids  or  toxalbumins  but  must  be  con- 
sidered a  glucoside.  We  do  not  claim  that  we  have  freed  this 
glucoside  from  all  traces  of  foreign  matter.  We  hope  in  the 
near  future  to  obtain  it  in  a  state  sufficiently  pure  for  elementary 
analysis,  without  loss  of  its  haemolytic  properties,  but  to  secure 
both  of  these  conditions  at  the  same  time  may  be  fotmd  to  be  as 
difficult  in  this  case  as  with  certain  other  glucosides,  such  as 
the  saponins. 

In  its  present  state  of  purity  this  haemolytic  glucoside  shows 
the  following  reactions: 

I.  It  reduces  Fehling's  solution  and  ammoniacal  silver  nitrate 
only  very  slightly  without  previous  hydrolysis  with  a  mineral 
acid,  but  very  powerfully  after  such  hydrolysis. 
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2.  It  gives  an  abundant  precipitate  with  neutral  or  basic 
lead  acetate  and  a  precipitate  with  tannic  acid  soluble  in  water 
and  in  excess  of  tannic  acid. 

3.  With  phosphotungstic  and  phosphomolybdic  acids  it 
gives  a  faint  turbidity  suggesting  the  presence  of  an  impurity. 

4.  Cupric  acetate  fails  to  precipitate  the  glucoside  but  reveals 
the  presence  of  retained  phosphates. 

5.  It  does  not  ferment  with  brewer's  yeast  either  before  or 
after  hydrolysis  with  acids.  The  small  amoimt  of  fermentation 
gas  obtained  on  a  few  occasions  after  eighteen  hours  in  the 
thermostat  was  referred  by  us  to  bacterial  action  rather  than 
to  fermentation  by  yeast.  A  larger  quantity  of  gas  obtained 
after  four  days  in  the  thermostat  was  found  to  consist  largely 
(33  P^r  cent.)  of  hydrogen  and  combustible  gases,  thus  verifjring  . 
our  conclusion  in  regard  to  bacterial  action  in  the  exceptional 
cases  above  mentioned. 

6.  The  glucoside  gives  the  following  tests  for  pentoses  in  the 
most  satisfactory  manner: 

a.  A  fine  purple  violet  color  on  heating  gently  with  a-napthol 
and  stdphuric  add. 

b.  A  fine  cherry  red  color  after  similar  treatment  with 
phloroglucinol  and  hydrochloric  acid. 

c.  A  deep  green  color  on  heating  gently  with  orcinol,  hydro- 
chloric acid,  and  a  drop  of  ferric  chloride  solution.^  Like  the 
red  pigment  formed  in  the  preceding  reaction,  this  green  pigment 
is  easily  soluble  in  amyl  alcohol. 

d.  It  decolorizes  an  alkaline  solution  of  potassitun  perman- 
ganate at  room  temperature. 

e.  It  gives  a  yellow  color  on  boiling  with  sodium  hydrate 
if  it  be  first  carefully  hydrolyzed  with  hydrochloric  acid. 

These  tests  when  considered  in  connection  with  the  behavior  of 
our  glucoside  toward  brewer's  yeast,  Fehling's  solution,  and 
ammoniacal  silver  nitrate  show  conclusively  that  the  sugar 
contained  in  the  molecule  is  a  pentose.  It  remains  for  futxire 
experiments  to  determine  which  pentose  or  methyl  pentose  is 
present. 

7.  All  specimens  of  our  haemolytic  glucoside  after  having 
been  freed  from  proteid  and  otherwise  ptirified  as  above  stated, 

>Bial,  Dmlsch,  med.  Wachensckr,,  1903,  p.  477. 
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either  by  dialysis  or  by  treatment  with  basic  lead  acetate,  still 
contain  nitrogen  as  is  proved  by  positive  restdts  obtained  by  the 
Laissaigne  test.  Such  specimens  also  evolve  alkaline  vapors 
when  heated  with  sodium  hydrate.  These  vapors  have  an 
odor  that  is  suggestive  of  methylamine.  The  fact  that  all 
specimens  of  our  haemolysin  contain  nitrogen,  whether  obtained 
by  dialysis  or  by  the  use  of  basic  lead  acetate,  leads  us  to  infer 
that  this  element  is  an  integral  constituent  of  its  molecule.  The 
experiments  that  have  been  cited  lead  us  to  believe  that  our 
haemolytic  substance  is  a  nitrogenous  glucoside  which  is  very 
sensitive  toward  the  action  of  heat,  acids,  and  certain  glucoside- 
splitting  ferments  and  which  is  easily  decomposed  by  acids  so  as 
to  yield  a  pentose  and  a  volatile  base  or  bases,  such  as  ammonia 
and  methylamine. 

We  hope  in  the  near  future  to  give  the  results  of  further  work 
in  this  field,  especially  as  to  the  nature  of  the  thermostabile 
poison  (or  poisons),  which  we  have  called  the  Amanita-toxin, 
with  which  Ford  has  immunized  animals  and  for  which  he  has 
produced  an  antitoxic  sertun.  We  have  not  yet  brought  our 
study  of  this  substance  to  a  satisfactory  conclusion.  It  is  our 
purpose  to  discover  if  possible  whether  this  poison  bears  any 
chemical  relation  to  the  haemolytic  glucoside  above  described 
or  to  the  alkaloid  which  Robert  declares  to  be  present  in  the 
fimgus. 

SUMMARY. 

1.  The  fact  that  an  immtmity  can  be  estabUshed  toward  the 
two  poisonous  principles  of  Amanita  phaUoides  and  that  the 
serum  of  immunized  animals  is  antihaemolytic  and  antitoxic  in 
character  gives  renewed  interest  to  a  chemical  study  of  these 
poisons. 

2.  The  haemolytic  principle  contained  in  the  Amanitas  and 
first  detected  by  Kobert  is  not  a  toxalbumin  as  this  author 
supposed,  but  a  nitrogenous  glucoside  which  is  very  sensitive 
toward  the  action  of  heat  and  acids,  less  so  toward  the  action 
of  alkalies,  and  is  easily  decomposed  by  acids  so  as  to  yield  a 
pentose  and  a  volatile  base  or  bases,  such  as  ammonia  and  • 
methylamine. 

3.  This  glucoside,  which  we  designate  Amanita-haemolysin, 
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is  present  in  fresh  specimens  of  A,  phalloides  and  A,  citrina. 
Seibert  failed  to  detect  its  presence  in  fresh  extracts  of  A.  citrina 
and  we  therefore  conclude  that  specimens  of  this  ftmgus  grow- 
ing in  different  parts  of  the  world  may  or  may  not  contain  this 
glucoside. 

4.  The  properties  of  the  Amanita-haemolysin  are  such  as  to 
preclude  it  from  playing  any  r61e  as  a  blood  poison  in  case  of 
poisoning  by  the  Amanitas. 


THE  GLYOXYLIC  ACID  REACTION  FOR  TRYP- 
TOPHAN, INDOL,  AND  SKATOL. 

By  H.  D.  DAKIN. 
(From  the  Laboratory  of  Dr,  C.  A.  Herter,  New   York.) 
(Received  for  publication,  August  i6,  1906.) 

The  reaction  for  the  detection  of  proteins  originally  described 
by  Adamkiewicz  ^  consisted  in  the  addition  of  strong  sulphuric 
acid  to  the  acetic  acid  solution  of  the  substance  under 
investigation.  In  the  presence  of  proteins  a  reddish  violet  ring 
is  produced  at  the  junction  of  the  fluids  which  spreads  throughout 
the  solution  on  standing  or  on  gentle  shaking.  This  test  was 
subsequently  investigated  by  Hopkins  and  Cole,^  who  found 
that  proteins  did  not  uniformly  yield  a  positive  reaction  and  that 
the  differences  were  attributable  to  the  acetic  acid  employed  in 
the  test.  They  found  that  pure  acetic  acid  did  not  give  the 
reaction  and  so  they  were  led  to  the  belief  that  an  essential 
condition  for  the  success  of  the  Adamkiewicz  reaction  was  the 
presence  of  some  substance  commonly  found  as  an  impurity 
in  acetic  acid.  As  is  well  known,  they  eventually  concluded 
that  this  impurity  was  glyoxylic  add,  for  they  foimd  that  a  dilute 
solution  of  glyoxylic  acid  gave  the  reaction  in  a  typical  fashion 
and  that  the  presence  of  acetic  acid  was  unnecessary. 

By  the  subsequent  isolation  of  tryptophan  from  the  products 
of  protein  hydrolysis;  Hopkins  and  Cole^  were  able  to  show  that 
the  Adamkiewicz  reaction  was  due  to  the  presence  of  tryptophan 
groupings  in  the  protein  molecule,  for  not  only  did  tryptophan 
itself  show  the  same  reaction  with  glyoxylic  acid,  but  positive 
results  were  obtained  with  all  proteins  containing  the  tryptophan 
grouping  but  not  with  gelatin,  which  yields  no  tryptophan. 

1  Arch,  /.  d,  ges.  Physiol.,  ix,  p.  156,  1874;  Ber,  d.  deuisch.  chem,  Ges* 
ellsch.,  viii,  p.  161,  1875. 

*  Proc,  of  the  Roy,  Soc»^  Ixviii,  p.  23,  igou 
»  Joum.  of  Physiol,,  xxvii,  p.  418,  1900;  xxix,  p.  451, 1902. 
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Recently,  however,  a  paper  has  appeared  by  Rosenheim  ^  in 
which  the  correctness  of  some  of  the  results  of  Hopkins  and  Cole 
is  questioned.  Rosenheim  shows  that  a  typical  Adamkiewicz 
reaction  may  be  obtained  by  the  addition  of  commercial  sulphuric 
acid  to  a  protein  or  tryptophan  solution  to  which  a  minimal 
quantity  of  formaldehyde  has  been  added.  He  finds,  however, 
that  pure  stdphuric  acid  and  pure  formaldehyde  do  not  yield  the 
reaction  as  the  presence  of  some  oxidizing  agent  is  necessary. 
The  oxidizing  substance  may  be  conveniently  introduced  into 
pure  sulphuric  acid  by  the  addition  of  traces  of  ferric  chloride, 
hydrogen  peroxide,  or  potassitun  persulphate,  etc.  Excess  of 
formaldehyde  must  be  avoided  as  under  these  conditions  the 
reaction  is  interfered  with." 

Rosenheim  considers  that  the  Adamkiewicz  reaction  as 
previously  obtained  with  commercial  acetic  acid  or  with  glyoxylic 
acid  was  really  due  to  the  presence  of  formaldehyde.  He  further 
states  that  he  has  had  three  samples  of  "ptire"  glyoxyUc  acid 
which  gave  no  reaction  when  tested  with  proteins  and  pure 
stilphuric  acid  but  it  must  be  noted  that  no  information  is  given 
as  to  the  method  of  preparation  of  any  of  these  specimens,  nor 
is  any  evidence  offered  of  their  purity.  A  sample  of  glyoxylic 
acid  prepared  by  the  reduction  of  oxalic  acid  gave  the  reaction, 
but  this  Rosenheim  ascribes  to  the  presence  of  persulphuric  acid, 
or  hydrogen  peroxide. 

As  the  writer^  made  use  of  the  reaction  with  skatol  and 
with  tryptophan,  in  conjimction  with  other  tests  for  the  detection 
of  glyoxylic  acid,  it  was  of  importance  to  inquire  into  the  correct- 
ness of  Rosenheim's  conclusions.  Although  Rosenheim's  results 
with  regard  to  the  reactions  between  formaldehyde,  proteins  or 
tryptophan,  and  sulphuric  acid  are  confirmed,  it  has  not  been 
possible  to  obtain  any  evidence  in  support  of  his  statement  that 
glyoxylic  acid  does  not  yield  the  reaction.  Experience  with  this 
reaction  completely  confirms  the  original  statements  of  Hopkins 
and  Cole.  Glyoxylic  acid  or  its  salts  have  been  prepared  in  many 
different  ways  and  in  all  cases  the  products  have  given  an 

»  Biochem,  Journ.^  i,  p.  233,  1906. 

*  The  Hehner  test  for  the  detection  of  formaldehyde  in  milk  and  its 
many  modifications  are  merely  applications  of  the  tryptophan-formalde- 
hyde  reaction.     Cf.  Acree,  This  Journal,  ii,  p.  145,  1906. 

*  This  Journal,  i,  p.  971,  1906. 
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extremely  delicate  reaction  with  tryptophan  (or  protein)  and 
strong  sulphtiric  acid.  The  following  methods  of  preparation 
have  been  employed: 

I.  The  oxidation  of  alcohol  with  nitric  acid.* 

II.  The  reduction  of  oxalic  acid  with  sodium  amalgam. 

III.  The  electrolytic  reduction  of  oxalic  acid. 

IV.  The  action  of  water  upon  dibromacetic  acid. 

V.  The  action  of  water  upon  dichloracetic  acid. 

VI.  The  action  of  silver  oxide  upon  dichloracetic  add. 

VII.  The  action  of  water  upon  silver  dichloracetate. 

The  first  two  methods  were  used  by  Hopkins  and  Cole  in  the 
preparation  of  their  add  but  Rosenheim  considers  that  **the 
methods  employed  by  Hopkins  and  Cole  for  the  preparation  of 
glyoxylic  add  do  not  absolutely  exclude  the  presence  of  oxidiz- 
ing agents."  This  objection  can,  however,  hardly  be  applied 
to  all  the  other  methods  of  preparation.  Using  the  purest 
glyoxylic  acid  (or  its  salts)  that  I  have  been  able  to  obtain,  I 
find  that  the  reaction  with  tryptophan  is  as  sensitive  as  Rosen- 
heim's formaldehyde  reaction  and  that  colored  products  are 
also  obtained  with  skatol  and  indol.  Skatol  yields  a  bright 
pink-red  coloration  which  does  not  change  on  dilution  with 
water,  while  indol  yields  a  somewhat  darker  red  color,  and  ar- 
methylindol  also  yields  colored  products  but  the  reaction  in  this 
case  is  much  less  sensitive.  The  relationship  between  these 
substances  is  seen  from  the  following  formulae: 


ICH,-CH.  NH,-COOH 


"A^ 


/\ 


|CH, 


H 

Tryptophan    . 
(indol-aminopropionic  acid) 


^Af, 


^Ar. 


GH, 


fH  NH  NH 

Skatol  a-Methylindol  Indol 

(/5-methylindol) 

Brief  reference  to  a  few  points  in  the  preparation  of  glyoxylic 
acid  by  the  different  methods  may  be  made. 

«  Debus,  Ann,  d.  Chem,,  c,p.  56,  1856;  B6ttinger,  ibid.,  cxcviii,  p.  306, 
1879. 
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The  electrolytic  reduction  of  oxalic  add  was  perfomaed  in 
sulphuric  acid  solution  according  to  Traube's  directions,  using  a 
divided  cell  and  leaden  electrodes.^  It  is  most  important  that 
rise  in  temperature  inside  the  cathode  chamber  be  avoided  as 
otherwise  glycollic  acid  forms  the  main  product  of  reaction.  At 
the  end  of  the  reduction,  when  no  more  oxalic  acid  was  present, 
the  liquid  was  diluted,  exactly  freed  from  sulphuric  acid  by 
barium  hydroxide,  and  the  free  glyoxylic  acid  was  then  con- 
verted into  the  calcium  salt  which  was  purified  by  repeated 
crystallization  from  water.  The  product  in  every  case  gave 
a  typical  reaction  with  tryptophan,  indol,  and  skatol  in  extremely 
dilute  solution. 

Dibromacetic  acid  was  prepared  by  the  direct  bromination  of 
pure  acetic  acid.'  The  product  was  fractionated  imder  ordinary 
pressure  and  the  portion  boiling  at  230-235°  C.  was  used.  After 
simply  boiling  with  water  or  better  by  heating  in  a  sealed  tube 
with  water  at  135°  C.,^  the  solution  gave  an  intense  reaction  with 
tryptophan  and  strong  stdphuric  acid. 

O 
CHBr,COOH  +  H,0-C-COOH  +  aHBr 

The  action  of  silver  oxide  upon  dichloracetic  acid  has  been 
investigated  by  Beckurts  and  Otto.*  Two  molecular  propor- 
tions of  pure  dichloracetic  add  {i.e.  an  excess)  which  had  been 
prepared  by  the  action  of  potassium  cyanide  upon  chlorals 
were  boiled  with  one  molecular  proportion  of  freshly  predpitated 
silver  oxide,  suspended  in  water.     Decomposition  takes  place  in 

accordance  with  the  following  equation: 

O 

CHClaCOOH+Ag,0-C-COOH  +  aAgCl 

« Traube,  Ber,  d.  detUsch.  chem.  GeseUsch.;  cf.  also  D.R.P.,  163,84a 
{Chem,  CefUralbL,  ii,  p.  1699,  1905). 

a  Perkin  and  Duppa,  Ann.  d.  Chem.,  ex,  p.  115,  1859. 

*Grimaux,  Bull,  de  la  soc.  chim.  (Paris),  xxvi,  p.  483,  1876. 

«  Ber.  d.  detUsch.  chem.  GeseUsch.,  xiv,  p.  585,  i88x. 

*  Chloral  itself  gives  no  reaction  with  tryptophan  and  strong  sulphuric 
acid. 
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The  silver  chloride  was  filtered  off  and  a  trace  of  the  filtrate  was 
found  to  react  in  a  typical  manner  with  tryptophan  and  stdphuric 
acid.  In  order  to  separate  the  glyoxylic  acid  from  the  excess  of 
dichloracetic  acid,  the  acids  were  converted  into  their  caldtim 
salts  by  means  of  calci\im  carbonate.  On  concentration,  well- 
formed  crystals  of  calcium  glyoxylate  crystallized  out  and  were 
separated  from  the  more  soluble  calci\im  dichloracetate.  The 
calci\im  salt  was  twice  recrystallized  from  water  and  was  then 
tested  in  the  following  way: 

Reaction  with  Tryptophan.  A  solution  of  ptire  crystallized 
tryptophan  was  used,  containing  one-tenth  of  a  milligram  in  one 
cubic  centimeter.  One  cubic  centimeter  of  this  solution  was 
added  to  one  cubic  centimeter  of  calcium  glyoxylate  solution 
and  then  two  to  two  and  one-half  cubic  centimeters  of  piure 
sulphuric  acid  were  added.  The  color  at  the  contact  zone  was 
first  observed  and  then  the  liquids  were  caused  to  slowly  mix 
by  gentle  shaking.  In  a  second  series  of  experiments,  one  cubic 
centimeter  of  a  calcitun  glyoxylate  solution  containing  one-tenth 
of  a  milligram  was  used  and  the  amount  of  tryptophan  was 
varied.     The  results  were  as  follows: 


Calcium  Glyoxylate. 

Tryptophan. 

Result. 

Grams. 

Grams. 

O.OOI 

O.OOOI 

Intense  reaction. 

O.OOOI 

i« 

Strong  reaction. 

0.0000 I 

t( 

Slight  reaction. 

0.000005 

t( 

Slight  but  positive  reaction. 

0.00000 I 

(1 

No  result. 

O.OOOI 

0 . 00005 

Strong  reaction. 

tt 

0.0000 I 

Slight  but  positive. 

t( 

0.000005 

Just  positive. 

The  results  show  that  calcium  glyoxylate  prepared  in  the  way 
described  reacts  in  a  typical  manner  with  one-tenth  of  a  milli- 
gram of  tryptophan  at  a  dilution  of  one  part  in  two  himdred 
thousand  and  conversely  using  one-tenth  of  a  milligram  of  cal- 
cium glyoxylate,  one  part  of  tryptophan  in  two  hundred  thousand 
parts  of  water  may  be  detected. 

The  same  specimen  of  calcium  glyoxylate  was  tested  with 
indol  and  with  skatol.  The  sensitiveness  of  the  test  with  indol 
is  approximately  the  same  as  that  with  tryptophan,  but  with 
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skatol  the  reaction  is  still  perceptible  at  a  slightly  greater 
dihition. 


Calcium  Glyoxylate. 

Skatol. 

Result. 

Grams. 

Grams. 

O.OOOI 

O.OOOI 

Intense  pink-red  solution 

O.OOOOI 

II 

Strong  reaction. 

0.000005 

K 

Very  distinct. 

0.00000 I 

11 

Easily  perceptible. 

O.OOOI 

O.OOOOI 

Very  strong  reaction. 

14 

0.000005 

Strong  reaction. 

(1 

0.00000 I 

Slight  but  positive. 

Entirely  similar  results  were  obtained  with  glyoxylic  acid 
prepared  by  the  action  of  water  upon  silver  dichloracetate.^ 
Dichloracetic  acid  was  converted  into  the  neutral  sodium  salt 
and  then  precipitated  with  an  equimolecular  proportion  of  silver 
nitrate.  The  precipitated  silver  salt  was  filtered  off  with  the 
ptmip  and  washed  with  ice-cold  water.  It  was  then  scraped  into 
a  flask  and  boiled  with  water  imder  a  reflux  condenser.  The 
salt  decomposes  with  formation  of  glyoxylic  acid  and  dichlor- 
acetic acid,  which  were  separated  as  before.  The  products  re- 
acted in  the  usual  way  with  tryptophan,  indol,  and  skatol. 

O 

2CHCl,.COOAg  +  HaO  -  C  -  COOH  +  CHCl,.  COOH  +  aAgCl 

It  is  difficult  to  believe  that  these  tmiformly  positive  results 
are  due  to  impurities  ^  and  it  is  therefore  concluded  that,  con- 
trary to  the  statement  of  Rosenheim,  pure  glyoxylic  acid  reacts 
with  tryptophan  and  pure  sulphuric  acid  to  give  the  character- 
istic color  reaction. 

The  products  obtained  when  glyoxylic  acid  and  formaldehyde 
and  oxidizing  substances  act  upon  tryptophan  and  skatol  are 
similar  and  possibly  identical  and  it  is  not  inconceivable  that 
they  are  both  due  to  the  action  of  the  same  substance.  Since 
glyoxylic  acid  alone  gives  the  reaction,  while  formaldehyde  needs 
the  presence  of  oxidizing  substances,  it  may  be  conjectured  that 

iBeckurts  and  Otto,  loc,  cU, 

'The  results  are  not  influenced  by  boiling  the  solutions  of  calcium 
gyloxylate  for  some  time  or  by  heating  the  dry  salt  for  an  hour  at  150'  C. 
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the  formaldehyde  is  converted  into  glyoxylic  add.  If  formal- 
dehyde, like  acetaldehyde,were  to  undergo  the  aldol  condensation 
tmder  the  influence  of  acids,  its  conversion  by  oxidation  into 
glyoxylic  acid  could  be  readily  accounted  for. 


0 

0 

0 

aHC 

-^             H.CH(OH).C 

_> 

(CcOOH 

\ 

H 

condensation                          \ 

oxidation 

\ 

With  the  view  of  testing  this  possibility,  formaldehyde  was 
oxidized  with  hydrogen  peroxide  in  the  presence  of  strong  sul- 
phuric acid,  but  the  formation  of  glyoxylic  acid  could  not  be 
satisfactorily  demonstrated,  although  the  experiments  made  do 
not  entirely  preclude  the  possibility  of  its  formation.  On  the 
other  hand  it  is  possible  that  the  glyoxylic  acid  may  tmdergo 
decomposition  3rielding  the  same  products  as  are  obtained  from 
the  formaldehyde.  Theoretically  at  least  it  may  be  converted 
into  formaldehyde  by  loss  of  carbon  dioxide,  while  on  the  other 
hand  the  action  of  strong  sulphuric  acid  is  known  to  remove  car- 
bonic oxide  from  many  acids  containing  two  carbonyl  groupings,^ 
so  that  the  production  of  carbonic  oxide  and  formic  acid  or 
simply  carbonic  oxide  and  water  might  be  considered. 

O  O 

C-COOH       _>     C-H  +  CO, 


^H  \ 


o  o 

C-COOH     ->     C-OH  +  CO     ->  2CO  +  H,0 


But  neither  formic  acid  nor  carbonic  oxide,  either  alone  or  in 
conjunction  with  formaldehyde,  react  in  a  typical  manner  with 
tryptophan,  so  that  the  experimental  evidence  is  at  present  in- 
sufficient to  decide  whether  the  chromogenic  substance  in  the 
case  of  the  glyoxylic  and  formaldehyde  reactions  is  the  same. 

Reference  may  be  made  to  the  difference  in  the  action  of 
formaldehyde  and  glyoxylic  acid  upon  indol  in  the  presence  of 
sulphuric  add.     Glyoxylic  acid,  as  has  already  been  mentioned, 

'Bistrzycki  and  B.  v.  Siemiradzki,  Ber,  d.  deutsch.  chem,  Gesellsch., 
xxxix,  p.  51,  1906. 
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gives  a  red  coloration,  whereas  formaldehyde  gives  a  violet-blue 
color  very  similar  in  tint  to  that  obtained  with  glyoxylic  acid 
and  tryptophan  but  which  differs  from  the  latter  on  account 
of  its  permanence  on  dilution  with  water.  This  reaction,  which 
has  recently  been  described  by  Konto,^  differs  in  other  respects 
from  the  formaldehyde  reaction  with  tryptophan.  Apparently 
no  oxidizing  agent  is  needed  as  specimens  of  formaldehyde  and 
pure  sulphuric  acid  which  gave  no  reaction  with  tryptophan 
imless  a  trace  of  ferric  chloride  or  some  other  oxidizing  substance 
were  added,  reacted  directly  with  indol.  A  further  distinction 
is  found  in  the  fact  that  the  reaction  with  indol  is  not  abolished 
by  a  slight  excess  of  formaldehyde,  while  the  tryptophan  reaction 
is  not  obtained  imder  these  conditions.  The  sensitiveness  of  the 
two  reactions  is  approximately  the  same.  Skatol  imder  similar 
conditions  with  formaldehyde  and  pure  sulphuric  acid  gives  an 
ill-defined  brownish  color,  but  if  a  trace  of  an  oxidizing  agent 
be  added  to  the  stdphuric  acid,  the  characteristic  reddish-pink 
coloration  is  obtained. 

The  preceding  experiments  have  necessarily  in  some  degree 
trenched  upon  the  line  of  investigation  followed  by  Dr.  F.  G. 
Hopkins  and  it  is  with  his  kind  consent  that  the  foregoing 
observations  are  published. 

^Zeitschr.  f.  physiol,  Chem,,  xlviii,  p.  185,  1906. 


CASES  OF  DIABETES  TREATED  WITH  SECRETIN 

By  NELLIS  B.  FOSTER. 

(From  the  Laboratory  of  Physiological  Chemistry  of  Columbia  University 
at  the  College  of  Physicians  and  Surgeons,  New  York.) 

(Received  for  publication,  August  15,  1906.) 

INTRODUCTION. 

The  methods  of  treatment  of  diabetes  mellitus  are  so  in- 
adequate and  in  the  adolescent  cases  tistially  so  hopeless  that 
any  manner  of  therapeutics  that  is  not  obviously  absurd  de- 
mands careful  consideration  and  systematic  trial.  The  observa- 
tions of  Bayliss  and  Starling  ^  on  the  stimulating  effect  produced 
on  the  secreting  power  of  the  pancreas  by  injecting  into  animals 
an  acid  extract  of  the  duodenal  mucous  membrane  suggested 
the  idea  to  Spriggs  ^  that  the  effect  of  secretin,  as  the  active  agent 
in  duodenal  extract  is  called,  might  not  be  confined  to  the 
external  pancreatic  secretion  but  possibly  might  also  be  exerted 
on  the  internal  secretion.  If  it  have  any  such  power  then  it 
may  be  of  use  in  some  cases  of  diabetes,  such,  for  example,  as 
are  due  to  disordered  pancreatic  function  where  there  is,  perhaps, 
early  in  the  course  of  the  disease,  no  pronoimced  organic  change, 
especially  in  cases  in  which  the  excitant  (secretin)  might  be 
lacking  for  one  reason  or  another.  The  result  of  Spriggs* 
observations  were  negative.  Working  on  the  same  idea  Moore  ^ 
and  his  associates  studied  three  cases  of  diabetes  mellitus  treated 
with  secretin.  Two  of  these  cases  ceased  to  have  any  glycosuria 
after  a  month's  treatment.  The  cases  of  apparent  cure  were  chil- 
dren who  usually,  as  every  one  knows,  quickly  succimib  to  this 
malady.  One  case  was  quite  iminfluenced  by  the  course  of  the 
treatment.    One  of  the  patients  who  was  apparently  cured  has 

•  Bayliss  and  Starling,  Proc,  of  the  Roy.  Soc.,  Ixjx,  p.  352,  190a;  Joum. 
of  Physiol.,  xxviii,  p.  325,  1902;  xxix,  p.  174,  1903. 
a  Cited  by  Moore,  Bio-Chem.  Joum.,  i,  p.  30,  1906. 
*Loc.  cit.,  p.  28. 
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since  the  publication  of  Moore's  paper,  relapsed  (personal  com- 
munication). All  of  Moore's  cases  had  been  on  a  carbohydrate- 
free  diet  for  a  short  period  (less  than  a  month)  preceding  the 
course  of  secretin-treatment,  but  this  period  was  not  sufficiently 
long  to  insure  that  no  further  diminution  in  the  output  of  urinary 
glucose  was  possible  for  those  diabetics  under  the  prevailing  con- 
ditions. It  has  been  my  experience  that  not  infrequently  months 
of  the  most  careftd  experimentation  with  diets  are  necessary  to 
derive  for  any  patient  the  full  benefit  of  a  simple  dietary  of  meats, 
fats,  and  green  vegetables.  The  results  of  Moore's  work  were  so 
promising,  however,  that,  at  the  suggestion  of  Dr.  Gies,  I  re- 
peated the  experiments  in  this  laboratory,  but  up  to  this  time 
I  have  had  no  case  which  showed  in  any  degree  beneficial 
results  following  the  use  of  secretin. 

EXPERIMENTAL. 

The  cases  of  diabetes  here  reported  were  patients  in  Professor 
Lambert's  clinic  at  Vanderbilt  Clinic,  one  of  Professor  Lambert's 
patients  in  private  practice,  and  two  patients  of  my  own.  Three 
of  the  cases  had  been  tmder  constant  observation  for  over  one 
year  and  the  effects  of  various  diets  carefully  noted.  Those 
cases  of  diabetes  who  were  seen  for  the  first  time  while  these 
studies  were  in  progress  were  subjected  to  the  following  regimen: 
(a)  A  period  of  unrestricted  diet  to  ascertain  the  quantity  of 
sugar  ordinarily  excreted,  (fe)  a  period  of  carbohydrate-free 
diet  when  only  meat,  fats,  and  sugar-free  green  vegetables  were 
allowed,  and  (c)  a  period  during  which  was  determined  the 
effect  on  the  urinary  glucose  of  small  amounts  of  such  carbo- 
hydrate foods  as  bread,  potato,  or  milk;  each  of  these  three 
additions  to  the  diet  being  tried  separately  for  several  days. 
The  estimation  of  sugar  was  made  only  on  twenty-four  hour  speci- 
mens of  urine.  After  a  sufficient  time  had  elapsed  to  give  me  a 
fair  idea  of  the  condition  of  the  patient  the  active  treatment  with 
secretin  was  commenced. 

Preparation  of  Secretin  Extract.  The  extract  of  the  duodenal 
mucous  membrane  was  prepared  in  accordance  with  Moore's 
directions.  I  used  pig  intestines,  which  were  removed  from  the 
animal  immediately  after  slaughter  and  taken  at  once  from 
the  abattoir  to  the  laboratory.    About  two  feet  of  each  duodenum 
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was  separated  for  use.  Such  sections  from  about  twenty-five 
intestines  were  extracted  at  a  time.  The  gut  was  opened, 
quickly  washed  with  physiological  salt  solution,  and  the  mucosa 
lightly  scraped  off  with  a  horn  spatula.  After  passing  the 
mucous  membrane  through  a  fine  hashing  machine  it  was  mixed 
with  an  equal  volume  of  0.4  per  cent,  hydrochloric  acid,  grotmd 
in  a  mortar,  then  transferred  to  a  casserole  and  slowly  heated  to 
boiling.  Filtration  through  cheese-cloth  freed  the  material 
from  the  larger  particles  of  membrane.  After  rendering  the 
filtrate  less  acid  by  adding  soditun  hydroxide  until  the  reaction  to 
Utmus  was  faintly  though  ^ill  distinctly  acid,  it  was  sterilized 
in  flasks  and  was  ready  fox*  use.  This  secretin  extract  was 
freshly  prepared  every  three  days.  The  dose  I  have  employed 
was  an  oimce  of  this  extract  a  half  hour  after  meals. 

CLINICAL   HISTORIES. 

Case  I.  Charles  M.,  age  60,  has  known  for  four  years  that  he  had 
diabetes,  but  with  the  exception  of  occasional  mild  attacks  of  sci- 
atica, he  has  experienced  little  inconvenience  from  his  disease.  He 
came  tinder  my  observation  in  1904  when  he  had  been  losing  weight 
rather  rapidly;  at  that  time  he  was  voiding  an  average  of  2500  c.c.  of 
urine  daily  and  the  glucose  elimination  flucttiated  between  50  and  60 
grams  per  day.  He  had  been  observing  some  care  as  to  his  diet.  A 
decrease  of  the  carbohydrate  in  the  food  produced  no  result  on  the 
output  of  urinary  sugar  but  improved  the  patient's  condition  to  some 
extent  and  his  weight  increased  several  pounds.  Various  diets  and 
drugs  were  used  without  any  decided  result,  and  beginning  in  April, 
1906,  he  was  given  the  secretin  extract  for  five  weeks,  in  doses  of  one 
ounce  after  meals.  There  was  no  marked  change  in  the  amount  of 
sugar  excreted  during  the  time  of  treatment,  the  last  analysis  made  durins^ 
the  period  showing  57.5  grams  of  sugar  for  the  24-hour  specimen  of  urine; 
nor  was  there  during  the  period  of  treatment  or  since  its  discontinuance 
any  improvement  in  the  general  health  of  this  patient.  The  following 
table  shows  the  urinary  condition  during  the  period  of  treatment  with 
secretin. 

24-Hour  Urine.  Sugar. 

April  16 2350  c.c '.  .51.0  grams 

19 2280  *•   49 . 6      •• 

21 2470  "   55.2 


23 251S  •*    54.8 

25 2490  *•    56.2 

28 2525  "   58.1 

30 ai8o  "   45.7 
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24-Hour  Urine.  Sugar. 

May      2 2460  c.c 62 . 9  grains 

5 2015  ••    60. 1 

7 2360  "    61.6 

9 2 140  "   60 .  o 

II 2440  **    59-2 

14 2475  **  ^o-7 

16 2340  **  57- 5 

18 2410  '•  56.3        '• 

21 2370  "  55-7 

23 2315  '•  52 . 1 

25 2430  '*  54.3 

28 2490  *'' 57-5        " 

Case  II.    Richard  E.,  age  48,  a  well  nourished,  strong  looking  man, 
was  first  seen  at  the  Vanderbilt  Clinic  in  February,  1906.     He  said  he 
had  known  of  his  glycosuria  for  about  a  year.     He  had  been  advised  to 
avoid  sugar  and  starches  in  his  diet  and   he  says  he   has  observed   the 
precaution,  but  the  glucose  has  since  never  been  below  3  per  cent,  in  his 
urine  and  of  late  he  has  lost  some  30  lbs.  in  weight.     He  was  advised  to 
use  a  rigid  carbohydrate-free  diet,  which  diminished  the  glycosuria  to 
some  extent  but  was  not  effectual  in  reducing  the  output  below  60  grains 
per  day.     After  a  month's  observation  on  the  effect  of  diet  the  secretin 
extract  was  given  and  urinary  analyses  were  made  every  other  day  for 
29  days.     The  urinary  sugar  at  once  began  to  diminish  and  in  the  course 
of  3  weeks    the  daily  amoimt  had  fallen  to  31  grams  for  the  24  hours. 
The  patient  had,  however,  continued  to  lose  in  weight  and  had  become 
so  weak  he  was  unable  to  go  to  the  clinic.     The  urine  analyses  were  so 
encouraging  that  the  treatment  was  persisted  in  nevertheless  for  another 
week,  but  during  this  time  the  daily  output  of  sugar  began  to  increase 
again.     On  the  29th  day  the  amoimt  was  37.9  grams  and  the  condition 
of  the  patient  so  bad  that  this  line  of  therapeutics  was  abandoned.     He 
was  confined  to  his   bed  for  two  weeks,  unable  to  eat  any  solid  food 
because  of  a  nauseating,  sweet  taste,  and  complained  of  a  most  profound 
feeling  of  weakness.     He  had  no  fever  at  any  time.     At  the  end  of  three 
weeks  he  was  again  able  to  be  up,  and  rapidly  regained  his  appetite  and 
strength.     Since  the  course  of  treatment  the  urine  has  shown  approxi- 
mately the  same  content  of  sugar   as  before.     He  is,  however,  stronger 
and  has  gained  5  lbs.  in  weight.     Whether  this  was  due  to  the  influence 
of  secretin,  and  the  question  as  to  the  nature  of  the  intervening  sickness, 
I  am  imable  to  answer.     The  analyses  of  the  urine  at  that  time  gave  no 
indication  of  coma,  nor  was  the  condition   of  the  patient  suggestive  of 
that  complication. 

Case  III.  Mrs.  R.  O.,  age  6$,  has  been  treated  6  years  for  diabetes. 
During  the  year  of  1905  she  dieted  to  a  moderate  degree  and  the  urine 
reports  for  this  period  show  a  considerable  variation  in  the  daily  sugar 
elimination  between  77  and  154  grams,  the    average  being  about  105 
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grams.  In  April,  1906,  the  diet  was  considerably  restricted  but  not  all 
starch  foods  were  interdicted;  there  was,  however,  no  effect  on  the 
glycosuria.  Following  this  month  of  observation  secretin  extract  was 
given  for  a  month  without  result  so  far  as  could  be  noted. 

Case  IV.  Mary  B.,  age  44,  had  been  under  treatment  at  Vanderbilt 
Clinic  for  14  months.  When  she  first  came  under  my  observation  her 
symptoms  were  the  usual  ones  of  mild  diabetes;  thirst  and  polyuria 
were  not  marked.  She  is  a  large,  stout,  German  woman  without  any 
sign  of  organic  disease  other  than  the  glycosuria.  Her  condition  improved 
considerably  during  the  year  after  her  diet  had  been  restricted,  but 
the  urinary  sugar  has  remained  quite  constant,  between  30  and  40  grams 
daily.  In  May  of  this  year  she  was  given  secretin  for  3  weeks  after  which 
it  was  discontinued  on  account  of  a  strong  aversion  to  the  taste  of  the 
material,  which  on  several  occasions  caused  vomiting.  There  was  no 
perceptible    change  in  the  glycosima  during  or  following  this  period. 

Case  V.  Robert  N.,  age  60.  Was  rejected  for  life  insurance  in  January, 
1906,  on  account  of  glycosima.  He  is  a  large,  well  preserved  man  of 
healthy  aspect.  He  had  considered  himself  in  perfect  health  until  the 
above  incident.  He  has  had  absolutely  no  symptoms  and  a  careful 
physical  examination  gave  no  evidence  of  disease.  An  examination  of 
collections  of  24-hour  urine  during  2  weeks  of  unrestricted  diet  showed 
a  daily  elimination  of  70  to  100  grams  of  glucose.  This  was  reduced  to 
an  average  of  50  grams  by  means  of  a  rigid  carbohydrate-free  diet  for 
3  weeks.  Secretin  extract  was  then  given  for  a  month  but  without 
any  notable  change  resulting  either  in  the  patient's  condition,  which  was 
excellent,  or  in  the  degree  of  glycosuria.  Following  the  discontinuance 
of  the  use  of  the  secretin,  the  amotmt  of  food  permitted  was  reduced 
so  that  the  total  per  diem  would  not  exceed  1800  calories.  This,  with  the 
interpolation  of  one  fast  day  each  week  when  green  vegetables  and  butter- 
milk only  were  advised,  resulted  in  reducing  the  urinary  sugar  to  an  average 
of  20  grams  per  diem,  and  an  increase  in  body  weight  from  196  to  198  lbs. 

In  addition  to  these  five  cases  secretin  extract  has  been  used 
with  four  other  cases  of  diabetes  without  favorable  result. 
Inasmuch  as  circumstances  compelled  me  to  entrust  these  four 
patients  entirely  with  the  carr3ring  out  of  directions  regarding 
diet,  the  use  of  medicines,  and  the  collection  of  urine  for  analysis, 
I  have  no  certainty  of  the  data  and  will  not  present  them. 

CONCLUSIONS. 

In  view  of  these  results  I  am  unable  to  confirm  the  observations 
of  Moore  and  his  associates.  The  apparent  failure  of  secretin 
to  affect  these  cases  of.  diabetes  is  in  accord  with  Spriggs's  ob- 
-servations.     But   these  negative   results   do   not   exclude   the 
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possibility  that  there  are  cases  which  might  respond  to  this 
method  of  treatment.  Concerning  the  pathology  of  diabetes 
we  are  still  much  in  the  dark;  morbid  change  in  the  pancreas  that 
can  be  detected  with  the  means  at  present  at  our  disposal  is 
absent  in  a  large  percentage  of  cases,  and  even  the  significance 
of  what  has  been  held  to  be  a  pathological  process  in  the  islands 
of  Langerhans  has  been  questioned.  In  the  cases  where  there 
are  organic  changes  in  the  pancreas  it  is  not  to  be  expected  that 
a  stimulating  agent  Uke  this  secretin  extract  would  have  any 
effect.  But  as  Moore  has  suggested,  there  are  two  other  possible 
causes  which  may  give  rise  to  glycosuria,  namely,  (a)  the  non- 
secretion  of  the  pancreatic  excitant  by  the  duodenum;  (fc)  the 
duodentim  being  normal,  and  the  pancreas  supplying  its  internal 
secretion,  there  may  be  a  perverted  ftmction  on  the  part  of  the 
oxidizing  organs,  such  as  the  Uver  and  muscles.  There  is  a 
pathological  basis  for  the  last  suggestion  in  the  association  of 
diabetes  with  cirrhosis  of  the  liver  in  certain  cases.  Of  these 
three  possible  conditions  which  may  cause  glycosuria,  in  only 
one  would  the  secretin  extract  be  of  any  service  as  a  therapeutic 
agent,  namely,  when  the  ftmction  of  the  duodenal  cells  is  so 
disturbed  that  instiflicient  pancreatic  excitant  is  secreted. 

If  such  a  condition  as  Moore  suggests  exists  it  can  at  present 
only  be  detected  by  a  systematic  use  of  this  secretin  extract.  It 
will  require  much  more  extended  observation  than  has  yet  been 
made  to  estimate  the  utiUty,  if  any,  of  this  therapeutic  agent. 

I  desire  to  express  my  obligation  to  Prof.  Samuel  W.  Lambert 
for  opportimity  to  conduct  these  studies  and  for  numerous 
valuable  suggestions. 

ADDENDUM. 

After  the  first  proof  of  this  paper  had  been  read,  my  attention 
was  called  to  a  paper  by  Bainbridge  and  Beddard  in  the  Septem- 
ber number  of  The  Bio-Chemical  Journal  (Vol.  I,  Nos.  Sand  9, 
pp.  429-446).  After  using  secretin  in  the  treatment  of  three  cases 
of  diabetes  those  authors  conclude:  **The  administration  of 
secretin  by  the  mouth  had  no  influence  whatever  upon  the  output 
of  sugar  in  the  urine." 

In  some  further  investigations  on  prosecretin,  Bainbridge  and 
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Beddard  find  that  only  in  one  out  of  six  cases  of  severe  diabetes 
was  prosecretin  present  in  an  amount  approximating  to  the 
normal.  This  observation  suggests  that  in  certain  diabetics 
secretin  may  play  an  important  part  in  the  etiology  of  this 
disease,  and  likewise  calls  up  many  important  questions  for 
solution. 


NOTE   ON  THE  TREATMENT  OF  A  CASE   OF  DIABETES 

MELLITUSWITH  SECRETIN. 

By  H.  D.  DAKIN  and  C.  C.  RANSOM. 
(From  the  Laboratory  of  Dr.  C.  A,  Herter,  New  York.) 
(Received  for  publication,  October  20,  1906.) 

The  announcement  by  Moore  ^  of  the  successful  treatment  of 
certain  cases  of  diabetes  by  means  of  the  acid  extract  of  duodenal 
mucous  membrane  (secretin)  appeared  to  be  of  such  importance 
that  it  seemed  desirable  to  repeat  the  experiments  and  if  possible 
to  obtain  confirmatory  results. 

It  will  be  recalled  that  the  indications  for  the  use  of  secretin 
depend  upon  the  known  relationships  existing  between  many 
cases  of  that  disease  and  the  pancreas,  for  it  is  clear  that  a 
substance  such  as  secretin,  which  calls  forth  the  external  pan- 
creatic secretion,  might  exert  a  similar  effect  upon  any  internal 
secretion  and  so  indirectly  exert  an  influence  upon  the  sugar 
output.  If  the  preceding  considerations  have  any  foundation  in 
fact,  the  most  favorable  opportunity  for  observing  the  influence 
of  secretin  upon  diabetes  would  be  afforded  by  a  patient  with  a 
past  history  of  pancreatic  disorder.  The  present  note  consists 
of  a  brief  record  of  the  observations  upon  a  single  case  of  this 
kind,  and  although  further  trials  are  desirable  the  results  may  be 
compared  with  those  of  Dr.  Foster,  recorded  in  the  preceding 
paper. 

The  patient  was  a  married  woman,  forty-five  years  old,  who 
for  several  years  had  experienced  intermittent  attacks  of  severe 
pain  in  the  epigastric  region.  There  was  present  a  well-defined 
and  easily  palpated  mass  in  the  region  of  the  pancreas.  After 
other  possibilities  had  been  duly  considered,  the  condition  was 

»  B.  Moore,  Biochem,  Journ.,  i,  p.  28, 1906. 
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confidently  diagnosed  as  pancreatic  disease.  These  seizures 
had  caused  great  loss  of  weight  and  the  patient  was  generally  in 
poor  condition,  but  subsequently  a  great  improvement  took 
place  and  at  the  time  that  treatment  with  secretin  was  com- 
menced she  appeared  fairly  healthy  and  well  notirished.  About 
four  years  ago  a  large  amount  of  sugar  was  detected  in  the  urine, 
which  could  not  be  materially  reduced  by  dieting,  and  for  some 
time  before  the  treatment  commenced  the  patient  was  in  the 
habit  of  daily  excreting  about  three  liters  of  urine  containing 
seven  to  eight  per  cent,  of  sugar.  During  the  whole  time  of 
treatment  with  secretin,  and  for  some  months  previoiisly,  the 
patient  was  on  a  restricted  but  not  carbohydrate-free  diet  and 
no  drugs  were  used.  The  secretin  was  freshly  prepared  three 
times  a  week  from  the  upper  six  feet  of  the  small  intestines  of 
freshly  slaughtered  pigs.  The  details  of  preparation  were 
essentially  those  adopted  by  Bajrliss  and  Starling  and  by  Moore. 
The  use  of  secretin  was  maintained  dtiring  twelve  weeks,  during 
which  period  the  extract  from  about  four  hundred  feet  of 
intestine  was  consumed. 

The  percentage  of  sugar  in  the  urine  at  different  periods  is 
given  in  the  following  table,  while  the  daily  output  of  sugar  may 
be  followed  in  the  accompanying  curve: 


Time  of  Treatment.  Sugar. 

0  days 8,0  per  cent. 


1  day 


8.0 


11  days 8.1 


17 
22 
25 
32 
35 
38 
42 
46 
53 
57 
60 
66 
69 
80 


8.3 
7.0 
6.6 
6.5 
4.2 
4.2 
5.0 
.5.3 
6.0 
7.1 
7.7 
6.4 
7.0 
7.3 
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It  will  be  seen  that  there  was  but  little  change  in  the  sugar 
excretion  during  the  first  fortnight,  but  in  the  third  week  a  dis- 
tinct decrease  was  observed,  and  this  decrease  in  sugar,  which 
was  accompanied  by  a  diminished  urine  output,  was  continued 
until,  after  five  weeks,  the  original  sugar  excretion  was  reduced 
by  one  half.  At  this  point  the  patient  had  a  seizure  of  acute 
pain,  which  was  referred  to  the  pancreas  and  which  differed  from 
the  previous  attacks  only  in  its  increased  severity. 

After  a  few  days  the  pain  disappeared  but  the  sugar  excretion 
gradually  rose,  despite  the  continued  use  of  secretin  in  increased 
doses,  until  the  original  output  of  sugar  was  practically  reached. 
During  the  latter  part  of  the  period  of  observation  the  urine 
contained  large  amounts  of  acetoacetic  acid  and  acetone. 

The  results  appear  to  show  that,  though  it  is  probable  that  the 
use  of  secretin  resulted  in  a  diminished  sugar  excretion,  the 
diminution  was  not  permanent  nor  was  it  nearly  so  great  as  in 
the  cases  described  by  Moore. 


THE  CHEMISTRY  OF  FLESH. 

(Fifth  paper.)* 

METHODS  FOR  THE  DETERMINATION  OF  CREATININ 
AND  CREATIN  IN  MEATS  AND  THEIR  PRODUCTS. 

By  H.  S.  GRINDLEY  and  H.  8.  WOODS. 

(From  the  Chemical  Laboratory  of  the  University  of  Illinois.) 

(Received  for  publication  October  26,  1906.) 

In  the  previous  papers  from  this  laboratory  it  has  been  con- 
clusively proven  by  improved  methods  of  analysis  that  meats 
contain  a  considerably  greater  quantity  of  so-called  organic 
extractives  than  previous  investigations  had  shown.  It  has 
also  been  demonstrated  that  a  considerable  proportion  of  flesh 
is  soluble  in  cold  water;  that  the  cold  water  extraction  of  meat 
can  be  made  complete  and  that  it  is  possible  to  determine  with 
accuracy  the  total  nitrogenous  organic  extractives  of  such 
extracts.  In  connection  with  the  researches  of  this  laboratory 
upon  the  chemistry  of  flesh  it  became  desirable  to  devise  means 
to  ascertain  the  relative  proportion  of  the  different  components 
which  go  to  make  up  these  extractives.  The  creatin  and  also 
the  creatinin  if  present  in  meats  would  undoubtedly  be  com- 
pletely extracted  by  cold  water.  That  being  true,  an  attempt 
was  made  to  apply  the  colorimetric  method  of  Folin^  to  the 
estimation  of  the  creatinin  and  creatin,  tising  the  Duboscq 
colorimeter. 

Tests  for  Creatinin  in  Meats. 

» 
In  the  first  place  the  method  was  used  to  test  for  creatinin  in  a 

cold  water  extract  of  chicken  flesh.    Two  hundred  cubic  centi- 
meter portions  of  the  extract  representing  4.1 12  grams  of  fresh 

»  Joum.  Amer.  Chem,  Soc.,  xxvi,  p.  1086,  1904;  xxvii,  p.  658,  1905; 
xxviii,  pp.  25  and  469,  1906. 

« Zeitschr.  /.  physiol.  Chem.,  xli,  p.  223,  1904;  Amer.  Joum.  of  Physiol. 
xiii,  p.  48,  1905. 
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chicken  flesh  were  tested  directly  for  creatitiin  in  the  manner 
described  by  Folin  in  estimating  this  constituent  in  urines. 
The  tests  gave  only  the  slightest  indications,  if  any,  of  the 
presence  of  creatinin.  When  the  alkaline  picrate  solution  of  the 
extract  of  the  chicken  flesh  was  allowed  to  stand  for  a  few  days, 
it  turned  red,  the  color  growing  more  intense  each  day.  Water 
extracts  of  beef  and  solutions  of  meat  extracts  when  treated 
directly  with  the  alkaline  picrate  solution  behaved  in  a  similar 
manner,  showing  that  creatin  under  these  conditions  is  gradually- 
converted  into  creatinin  even  in  alkaline  solutions.  This  is 
contrary  to  the  supposed  behavior  of  these  two  nitrogenous 
bodies  in  the  presence  of  alkaline  solutions.  The  true  nature  of 
this  reaction  is  now  being  further  studied  in  this  laboratory. 

In  order  to  prove  further  the  presence  or  absence  of  creatinin 
in  aqueous  extracts  of  fresh  flesh,  400  c.c.  of  a  cold  water  extract 
of  beef,  representing  all  of  the  soluble  constituents  from  8  grams 
of  lean  beef  round,  were  tested  directly  for  creatinin  as  above 
by  Polin's  method.  The  tests  gave  no  trace  of  creatinin.  The 
alkaline  picrate  solutions  of  these  beef  extracts  upon  standing 
for  a  few  hours  gradually  turned  red,  as  did  the  extracts  from 
chicken  flesh.  These  experiments,  which  have  often  been  re- 
peated, demonstrate  that  the  work  and  conclusions  of  Toppelius 
and  Pommerehne,^  and  later  that  of  Emil  Womer,*  were  correct, 
and  that  the  investigations  of  G.  S.  Johnson,^  which  led  him  to 
the  deductions  that  perfectly  fresh  meats  contain  creatinin, 
but  no  creatin,  were  wrong.  As  judged  by  Jaffe's  reaction 
fresh  meats  contain  only  the  slightest  trace  of  creatinin  if  any  at 
all.  However,  the  creatin  of  flesh  is  in  part  at  least  very  readily 
changed  to  creatinin.  The  following  experiment  demonstrates 
this  fact.  Three  500  c.c.  portions  of  a  cold  water  extract,  each 
representing  10.015  grams  of  chicken  flesh,  were  carefully 
evaporated  upon  a  water-bath  to  a  volume  of  50  c.c.  in  order  to 
completely  coagulate  the  soluble  proteid  matter.  The  solutions 
were  filtered,  the  precipitates  thoroughly  washed,  and  the  filtrates 
evaporated  to  a  voltmie  of  75  c.c.     They  were  then  tested  for 

»  Arch,  de  pharm.,  ccxxxiv,  p.  380, 1896. 

s  Zeitschr.  f.  physiol.  Chem.,  xxvii,  p.  i,  1899. 

«  Proc.  of  the  Roy.  Soc.,  1,  p.  287,  1901. 
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creatinin  and  they  gave  readings  which  represented  0.08,  o.i  i,and 
0.15  per  cent,  of  creatin,  calculated  upon  the  basis  of  the  fresh 
substance  of  the  flesh.  This  experiment  and  a  number  of 
others  which  we  have  made  prove  that  the  evaporation  of  an 
aqueous  extract  of  flesh  upon  the  water-bath,  in  the  presence 
of  its  natural  acidity,  changes  creatin  to  creatinin.  It  is  just 
possible  that  this  action  nmy  be  one  influence  which  produces 
flavor  during  the  cooking  of  meats.  This  subject  is  now  being 
studied  in  connection  with  these  researches. 

Estimation  of  Creatin  in  Meats. 

The  estimations  of  creatin  in  the  aqueous  extracts  of  flesh  were 
made  by  taking  500  c.c.  portions  of  the  solution,  evaporating 
and  filtering  as  mentioned  above  to  remove  the  coagulable 
proteids.  The  solutions  thus  obtained  were  treated  with 
hydrochloric  acid  and  evaporated  upon  the  water-bath  to  a 
small  volume.  This  treatment  was  repeated  with  the  addition 
of  water  until  all  the  creatin  had  been  changed  to  creatinin. 
The  solutions  were  then  made  up  to  exactly  100  c.c.  and  30,  40, 
and  50  c.c.  of  the  same  were  used  to  make  the  quantitative  test 
with  the  colorimeter. 

Table  No.  I  gives  a  few  determinations  of  creatin  in  different 
kinds  of  flesh. 


TAB  LB  I. 

CRBATIN  IN  PRBSH  PLBSH. 

No.  of 
Sample. 

Kind  of  Meat. 

Wdffht 
Sample. 

Reading 

of 
Colori- 
meter. 

Wciffht 

Creatinin 

due  to 

Creatin. 

(A) 

Weight 

Creatin 
(AXx.i6) 

Creatin. 

* 

Or. 

Mm. 

Mgr. 

Mgr. 

Percent. 

2075 

Beef  Rotind 

2.8066 

8.2 

9.88 

11.46 

0.41 

2084 

Cold  Storage 

2085 

Fish 
Cold  Storage 

3.8369 

7.9 

10.25 

11.89 

0.31 

Fish 

4.6625 

7.8 

10.38 

12.04 

0.26 

2110 

Refrigerated 
Chicken 

4.0084 

8.1 

10.00 

11.60 

0.29 

2111 

Refrigerated 

Chicken 

4.9152 

8.4 

9.64 

11.18 

0.23 

2112 

Refrigerated 

Chicken 

5.0262 

7.8 

10.38 

12.04 

0.24 
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As  a  result  of  the  preliminary  experiments  here  reported,  the 
following  method  is  recommended  for  the  estimation  of  creatin 
in  flesh.  Prepare  the  aqueous  extract  of  the  flesh  as  described 
in  a  former  paper^  from  this  laboratory. 

Evaporate  500  c.c.  portions  of  the  extracts  to  50  c.c,  filter, 
wash  the  coagulated  proteid  thoroughly  with  hot  water,  add 
25  c.c.  of  tV  hydrochloric  acid  to  each  of  the  filtrates,  and  eva- 
porate them  to  a  volume  of  10  to  15  c.c.  Now  add  50  c.c.  of 
water  and  10  c.c.  of  to  hydrochloric  acid  and  again  evaporate 
to  a  volimie  of  10  to  15  c.c.  Care  must  be  taken  to  insure  the 
complete  change  of  creatin  to  creatinin.  Cool  the  solutions, 
transfer  them  to  a  100  c.c.  measuring  flask,  and  dilute  to  the 
mark.  Transfer  an  aliquot  portion  of  this  latter  solution, 
equivalent  to  200  c.c.  of  the  original  extract,  to  a  500  c.c.  flask, 
add  IS  c.c.  of  a  1.2  per  cent,  (saturated)  picric  acid  solution  and' 
S  c.c.  of  a  10  per  cent,  sodium  hydroxide  solution,  shake  well  and 
allow  the  solution  to  stand  for  five  minutes.  In  the  meantime 
practice  reading  [the  colorimeter,  using  an  y  solution  of  potas- 
sium bichromate  in  each  cylinder.  Now  dilute  the  alkaline 
creatinin  picrate  solution  to  500  c.c,  mix  thoroughly,  rinse  one 
of  the  cylinders  well  with  this  unknown  solution,  add  a  portion 
of  the  solution  to  the  cylinder,  and  make  several  careful  readings 
at  once,  comparing  the  unknown  solution  with  8.0  mm.  of  the 
bichromate  solution.  According  to  Folin,  the  correct  reading 
in  millimeters  divided  into  81  gives  the  nimiber  of  nulligrams  of 
creatinin  present.  This  figure  multiplied  by  1.16  gives  the 
number  of  milligrams  of  creatin.  If  an  aliquot  portion  equi- 
valent to  200  c.c.  of  the  extract  does  not  give  a  satisfactory 
reading,  use  such  a  portion  as  will  give  a  reading  of  about  8  mm. 

This  method  has  been  used  successfully  for  the  determination 
of  creatinin  and  creatin  in  tmcooked  and  cooked  meats  and  in 
meat  broths  and  meat  drippings. 

Creatinin  and  Creatin  of  Commercial  Beef  Extracts? 
The  nature  of  a  considerable  proportion  of  the  constituents  of 

«  Journ.  Amer.  Chem,  Soc.   xxvii,  p.  658,  1905. 

«  After  the  data  herein  recorded  had  been  obtained,  and  this  paper 
had  been  written,  the  October  number  of  the  Journal  of  the  American 
Chemical  Society  was  received,  containing  the  paper  of  Bigelow  and  Cook, 
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commercial  beef  extracts  is  still  unknown.  A  ready  method 
for  the  estimation  of  creatinin  and  creatin  in  these  products 
would  undoubtedly  be  useful  in  determining  the  commercial 
value  and  the  grade  of  the  various  commercial  beef  extracts  and 
similar  preparations  which  are  now  upon  the  market.  As 
Folin's  method  for  the  estimation  of  these  substances  in  urines 
proved  to  be  an  excellent  means  for  the  determination  of  these 
nitrogenous  constituents  which  are  contained  in  aqueous  ex- 
tracts of  flesh,  we  undertook  to  apply  it  to  the  determination  of 
these  bodies  in  commercial  extracts.  The  method  has  proved 
equally  successful  in  this  connection.  Its  application  here  has 
demonstrated  that  commercial  beef  extracts  contain  both  creat- 
inin and  creatin.  The  details  of  the  procedure  in  the  case  of  the 
extracts  are  entirely  similar  to  those  outlined  above  for  cold 
water  extracts  of  flesh.  The  results  of  a  number  of  determina- 
tions of  creatinin  and  creatin  in  a  number  of  the  prominent 
commercial  extracts  now  on  the  market  are  given  in  the  follow- 
ing tables. 

TABLE  II.      CREATININ  IN  COMMERCIAL  BEEP  EXTRACTS 


No.  of 
Sample. 

Weight  of 
Sample. 

Reading  of 
Colorimeter. 

CRBATININ. 

Weight. 

Per  cent. 

Gr. 

Mm. 

Mgr. 

1 

0.3008 

7.8 

10.38 

3.45 

2 

0.2545 

8.6 

9.42 

3.70 

3 

0.5800 

8.1 

10.00 

1.72 

4 

0.7221 

8.0 

10.13 

1.40 

5 

0.1972 

7.8 

10.38 

5.27 

6 

0.7234 

8.2 

9.88 

1.37 

7 

0.8206 

8.2 

9.88 

1.20 

8 

0.5458 

7.7 

10.52 

1.93 

9 

1.1391 

8.6 

9.42 

0.83 

10 

0.4720 

8.1 

10.00 

2.12 

11 

0.6786 

8.5 

9.47 

1.39 

12 

0.7540 

7.5 

10.08 

1.30 

13 

0.2774 

7.3 

11.10 

4.00 

upon  "The  Separation  of  Proteoses  and  Peptones  from  the  Simpler 
Amino  Bodies."  In  this  paper,  the  above  authors  mention  the  fact  that 
they  have  applied  the  method  of  Folin  for  the  determination  of  creatin 
in  meat  extracts,  but  they  give  no  analytical  results.  Notwithstanding 
this  preliminary  notice  of  Bigelow  and  Cook,  it  was  deemed  advisable 


3^4 


The  Chemistry  of  Flesh 


TABL£  III.      CREATIN  IN  COMMERCIAL  BEEP  EXTRACTS. 


No.  of 

Weight 
Sample. 

Reading 
of 

Weight  of 

Original 

Creatinin 

Weight  of 
Original 

Weight  of 
Creatinin 

Wek^t 

Sample 

Colori- 
meter. 

plus  Crea- 
tmin  due  to 

Creatmm 
(See  Table 

due  to 
Creatin 

/  A  \ 

Creatin 
AX  x.x6 

Creatin. 

I.) 

(A) 

Gr. 

Mm. 

Mgr. 

Mgr. 

Mgr. 

Mgr. 

Percent. 

2 

0.1833 

7.9 

10.25 

6.78 

3.47 

4.03 

2.18 

3 

0.2636 

7.7 

10.52 

4.55 

5.97 

6.93 

2.63 

4 

0.1850 

7.9 

10.25 

2.60 

7.65 

8.74 

4.79 

5 

0.1512 

8.4 

9.64 

7.96 

1.68 

1.95 

1.29 

6 

0.1841 

8.6 

9.42 

2.38 

7.04 

8.17 

4.35 

7 

0.1641 

8.0 

10.13 

1.98 

8.15 

9.45 

1.20 

8 

0.2593 

8.0 

10.13 

5.00 

5.13 

5.95 

2.29 

9 

0.7088 

8.8 

9.20 

5.86 

3.34 

3.87 

0.55 

11 

0.3016 

5.0 

16.20 

4.19 

12.01 

13.93 

462 

12 

0.2262 

6.85 

11.82 

2.94 

8.88 

10.30 

4.55 

13 

0.2080 

7.00 

11.57 

8.32 

3.25 

3.77 

1.81 

TABLE  IV. 


COMBINED  CREATININ  AND  CREATIN    IN  COMMER- 
CIAL BEEP  EXTRACTS. 


No.  of 

Creatinin. 

Creatin. 

Sum  of  Creatinin  and 

Sample. 

Creatin. 

Per  cent. 

Per  cent. 

Per    cent. 

2 

3.70 

2.18 

5  88 

3 

1.72 

2.63 

4.35 

4 

1.40 

4.79 

6.19 

5 

5.27 

129 

6.56 

6 

1.37 

4.35 

5.72 

7 

1.20 

1.20 

2.40 

8 

1.93 

2.29 

4.22 

9 

0.83 

0.55 

1.38 

11 

1.39 

4.62 

6.01 

12 

1.30 

4.55 

5.85 

13 

4.00 

1.81 

5.81 

These  results  show  that  there  are  marked  differences  in  com- 
mercial meat  extracts  as  to  their  content  of  creatinin  and 
creatin.     In  some  of  the  extracts,  creatinin  occtirs  in  considerably 

to  publish  our  paper  in  full  and  without  any  modifications,  since  it  gives 
data  which  prove  without  doubt  that  the  method  of  Folin  may  be  applied 
guccessftiUy  to  the  estimation  of  creatinin  and  creatin  in  meats,  in  meat 
broths,  in  meat  extracts,  and  in  other  meat  products.  We  have  been 
using  this  method  continuously  in  our  investigations  upon  the  chemistry 
of  flesh  since  March  15,  1906. 
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greater  quantities  than  does  creatin,  while  in  others  the  amounts 
of  the  latter  constituent  are  greater  than  the  amounts  of  the 
former.  It  is  difficult  to  state  at  present  the  cause  or  causes 
which,  in  the  preparation  or  keeping  of  the  commercial  extracts, 
produce  this  variation  in  the  proportion  of  these  two  nitrogenous 
constituents.  Experiments  upon  meat  extracts  prepared  upon 
a  small  scale  in  the  laboratory,  from  fresh  meat,  are  now  under 
way  to  find  out  if  possible  the  conditions  which  produce  the  above 
difference  in  the  relative  proportion  of  creatinin  and  creatin. 

The  data  here  given  also  show  that  there  is  a  marked  difference 
in  the  total  amount  of  creatinin  and  creatin  contained  in 
different  commercial  extracts  now  upon  the  market.  Further 
study  will  probably  show  that  this  difference  in  the  combined 
amount  of  these  nitrogenous  constituents  is  due,  in  the  main,  to 
the  material  from  which  they  are  manufactured.  We  hope 
to  be  able  to  study  this  phase  of  the  work  in  the  near 
future. 

We  wish  here  to  express  our  thanks  to  Mr.  H.  H.  Mitchell  for 
his  valuable  assistance  in  connection  with  the  analytical  work 
involved  in  this  paper. 
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STUDIES  IN  THE  CHEMISTRY  OF  THE  lON-PROTEID 

COMPOUNDS.!    " 

IV.— ON   SOME   CHEMICAL    PROPERTIES    OF    CASEIN 

AND  THEIR  POSSIBLE  RELATION  TO  THE  CHEMI- 
CAL BEHAVIOR  OF  OTHER  PROTEIN  BODIES, 
WITH  ESPECIAL  REFERENCE  TO  HYDROLYSIS 
OF  CASEIN  BY  TRYPSIN. 

By  T.  BRAILSFORD  ROBERTSON. 

(From  the  Rudolf  Spreckels  Physiological  Laboratory  of  the  University 

of  California.) 

(Received  for  publication,  October  26,  1906.) 
I.      INTRODUCTION. 

(a)     The  Icm-Proteid  Theory. 

In  1893  Dreser^  pointed  out  that  the  greater  the  concentra- 
tion of  free  mercury  ions  in  a  solution  of  a  mercury  salt  the 
more  toxic  is  the  solution  and,  moreover,  that  the  formation 
of  complex  ions  containing  mercury  diminished  the  toxicity  of 
the  solution.  In  1895  Klemm*  showed  that  the  disintegrating 
actions  of  different  strong  acids  upon  the  protoplasm  of  cells 
were  identical  and  he  attributed  the  disintegration  to  the  chem- 
ical action  of  their  ions.  This  observation  of  IQemm's  was 
followed  in  1896  by  the  papers  of  Kahlenberg  and  True*  and  of 
Heald^  showing  that  equivalent  concentrations  of  strong  acids, 
and  also,  in  Heald's  investigations,  equivalent  concentrations 

1  Nvunbers  I,  II,  and  III  of  these  studies  apx>eared  respectively  in 
Pfluger's  Arch.  f.  d.  ges.  Physiol.^  ex,  p.  610,  1905;  this  Journal,  i,  p.  279, 
1906;  this  Journal,  i,  p.  507,  1906. 

2  Dreser,  Arch,  f.  exper.  Path.  u.  Phann.,  xxxii,  p.  456. 
s  Klemm,  Jahrb.  f.  wiss,  Botanik^  xxviii,  p.  658,  1895. 

«  Kahlenberg  and  True,  Botan.  Gas.,  xxii.  No.  a,  p.  81. 
*  Heald,  ibid.,  xxii.  No.  a,  p.  ia5. 
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of  different  salts  of  copper,  are  equally  poisonous  for  plants. 
In  1896  also,  Paul  and  Kronig  ^  showed  that,  in  general,  the  more 
highly  ionised  a  salt  is,  such  as  a  salt  of  a  heavy  metal,  the 
more  powerful  is  its  toxic  action  for  bacteria  and,  therefore,  the 
more  intense  is  its  action  as  a  disinfectant.  In  1897  Loeb* 
showed  that  the  absorption  of  water  by  muscles  immersed  in 
solutions  of  strong  inorganic  acids  could  be  referred  to  the 
hydrion,  since  equal  quantities  of  hydrion  in  a  given  volume  of 
solutions  of  these  acids  produced  quantitatively  equal  effects; 
in  the  same  way  the  absorption  of  water  in  solutions  of  strong 
inorganic  bases  could  be  referred  to  the  hydroxidion. 

Subsequent  investigations  by  Maillard^  on  the  toxicity  of 
solutions  of  copper  sulphate  to  which  sulphates  of  the  alkalies 
had  been  added;  by  Eckardt*  on  the  relation  of  the  velocity  of 
diffusion  to  toxicity;  by  Loebs  on  the  absorption  of  water  by 
muscles  in  solutions  of  electrol3rtes;  by  Clark  ^  on  the  toxicity 
of  a  variety  of  substances  for  moulds ;  by  Kahlenberg,'  Kastle,' 
by  Hober  and  Kiesow,'  and  by  Richards  ^^  on  the  taste  of  dis- 
solved electrolytes,  and  by  Loeb^^  placed  beyond  doubt  the 
importance  of  ionic  dissociation  in  the  physiological  action  of 
dissolved  electrol3rtes. 

In  1899  Loeb  suggested  that  the  ions  entering  a  tissue  com- 
bined with  or  altered  chemically  some  constituent  of  the  tissue. 


1  Paul  and  KrOnig,  Zeitschr.  f.  physik,  Chem.,  xxi,  p.  411,  1896;  Zeit- 
schr,  f.  Hyg.,  xxv,  p.  i,  1897. 

*  Loeb,  Arch.  f.  d.  ges.  Physiol.,  Ixix,  p.  i,  1897. 

«  Maillard,  Compt.  rend,  de  la  soc.  hiol.,  lo*  s^rie  $  p.  12 10,  1898. 
Journ,  de  physioL  et  de  path,  gen.,  i,  pp.  651  and  673. 

♦  Eckardt,  "Ueber  die  Diffusion  und  ihre*  Beziehung  zur  Giftwirkung," 
Inaug.  Dissert.,  Leipzig,  Bruno  Zeckel  1898,  quoted  after  Maillard 
Journ.  de  physiol.  et  de  path,  gen.,  i,  p.  658. 

*  Loeb,  Arch.  f.  d.  ges.  Physiol.,  Ixxviii,  p.  457,  1898. 

•  J.  F.  Clark,  Journ.  of  Physical  Chem.,  iii,  p.  263. 

»  Kahlenberg,  Bull.  Univ.  of  Wisconsin,  referred  to  in  Journ,  of  Phys^ 
teal  Chem.,  iii,  p.  66,  1899;  Zeitschr,  f.  physik.  Chem.,  xxix,  p.  343,  1899; 
Journ,  of  Physical  Chem.,  iv,  p.  33,  1900. 

•  ICastle,  Amer.  Chem.  Journ.,  xx,  p.  468,  1898. 

•  H6ber  and  Kaesow,  Zeitschr,  f.  physik,  Chem.,  xxvii,  p.  601,  1898. 
>«T.  W.  RichardSr  i4mef .  Chem.  Journ.,  xx,  p.  121. 

»»  J.  Loeb,  Arch,  f,  d,  ges,  Physiol.,  Ixxv,  p.  303,  1899. 
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He  based  his  argument  in  the  first  place  upon  the  dependence  of 
muscular  tissue  upon  the  ions  diffusing  into  it, — a,  dependence 
which  had  previously  been  established  by  the  experiments  of  Bie- 
dermann,^  Ringer,^  Howell  sCoA  Cooke,^  Locke,*  and  Loeb,^ 
and  in  the  second  place  upon  the  definite  reactions  called  forth 
by  definite  ions.^  In  a  later  paper  he  concluded  that  the  ions^ 
on  entering  a  tissue  combined  with  some  constituent  of  the 
tissue,  presumably  protein,  and  he  conferred  upon  these  com- 
pounds the  name  ion-proteids.  Independently  and  almost 
simultaneously  Pauli  ®  arrived  at  identical  conclusions  and  also 
gave  the  name  ion-proteids  to  the  compounds  formed,  while 
Richards  also  pointed  out,  in  a  paper  which  appeared  at  the 
same  time  as  Loeb's,  that  some  of  the  phenomena  of  taste  could 
best  be  accounted  for  by  supposing  that  the  ions  of  an  elec- 
trol3rte  entered  into  combination  with  some  constituent  of  the 
tissues  affected.' 

In  former  papers^^  I  have  endeavored  to  apply  the  ion-proteid 
theory  to  the  problems  of  excitation  and  contraction  and  I  have 
pointed  out  that  the  nature  of  the  ion-proteid  formed  under  the 
influence  of  an  electrol3rte  is  probably  determined,  in  general, 
by  the  relative  velocities  of  the  ions  into  which  the  electrolyte 
dissociates,  since  the  swifter-moving  ions  probably  diffuse  into 
the  tissue  in  greater  numbers  than  the  slower-moving  ions,  and 
the  ions  present  in  the  tissue  in  the  greater  mass  might  be  ex- 
pected, in  general,  to  take  the  greater  share  of  the  proteid;  while 

1  Biedermann,  SiUsungsber.  d.  wien.  Akad.t  Ixxxii,  Part  3,  1880. 
a  Ringer,  Joum.  of  Physiol.t  iii,  pp.  195  and  380;  ibid.,  iv,  pp.  29,  222, 
and  370;  ibid.,  vi,  p.  154. 

•  Howell  and  Cooke,  ibid.,'7dv,  p.  189. 
«  Locke,  ibid.,' xviii,  p.  332. 

s  Loeb,  see  papers  cited. 

•  J.  Loeb,  Arch.  f.  d.  ges.  PhysioL,  Ixxv,  p.  303,  1899;  Festschrift  fUr 
Professor  Pick,  Braunschweig,  p.  loi,  1899. 

»  J.  Loeb,  Amer.  Joum.  of  Physiol.,  iii,  p.  327,  1900. 
» W.  Pauli,  Ueber  Physikalisch-^h^nUsche  Methoden  und  Prohleme  in 
der  Medizin,  Wien,  1900. 

•  T.  W.  Richards,  Joum.  of  Physical  Chem.,  iv,  p.  207,  1900. 

i9  Trans.  Roy.  Soc.  of  So.  Australia,  xxix,  p.  i,  1905;  Arch.  /.  d.  ges 
Physiol.,  ex,  p.  610,  1905;  this  Journal,  i,  p.  185,  1906;  Biol.  Bull.,  xi 
p.  53,  1906. 
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the  potential  diflerence  which  would  tend  to  be  set  up  between 
the  tissue  and  the  solution  by  an  excess  of  ions  of  one  sign  would 
be  annulled,  as  far  as  those  which  actually  combine  are  concerned, 
by  the  splitting  off  from  the  protein  of  hydrogen  or  hydroxjd 
ions  of  opposite  sign.^ 

I  have  further  shown,*  by  means  of  experiments  on  the 
influence  of  electrolytes  upon  the  staining  of  tissues  by  iodine- 
eosin  and  by  methyl  green  and  on  the  influence  of  electrolytes 
upon  the  toxicity  of  alkaloids,  that,  in  general,  the  acid  or  basic 
characteristics  of  a  tissue  are  largely  influenced  by  the  acid  or 
basic  properties  of  the  swifter-moving  ion  in  the  solution  bathing 
the  tissue,  presumably  becaxise  the  acid  or  basic  ion  diffusing 
into  the  tissue  in  excess  confers  acid  or  basic  properties  re- 
spectively upon  the  constituent  of  the  tissue  with  which  it  is 
combined.  Exceptions,  as  in  the  case  of  a  tissue  bathed  in  a 
solution  of  a  salt  of  a  heavy  metal,  generally  admit  of  other 
explanations,  such  as  the  insolubility  of  one  of  the  ion-proteids 
and  the  consequent  irreversibility  of  the  reaction. 

Up  to  this  point  in  the  genesis  of  the  ion-proteid  theory,  how- 
ever, no  assumptions  whatever  have  been  made  as  to  the  chemical 
nature  of  the  ion-proteid  compounds.  It  is  true  that  the  in- 
timate dependence  of  the  characteristics  of  a  tissue  upon  the 
nature  of  the  solution  in  which  it  is  bathed  shows  that  the  ions 
in  the  compound  are  readily  substituted,  the  one  for  the  other, 
but  this  throws  little  light  upon  their  chemical  nature.^ 

»  I  find  that  Tschagowetz,  Journ.  Russ.  Soc,  xxviii,  i,  p.  657,  1896 
(reviewed  in  the  Journ.  of  Physical  Chem.,  i,  p.  317),  anticipated  me  in 
applying  Nemst's  formula  for  the  potential  difference  at  the  surface  of 
two  solutions  to  the  demarcation  current  in  muscle,  but  he  does  not 
appear  to  have  taken  into  consideration  the  formation  of  compounds 
between  the  protein  and  the  ion  of  the  other  electrolytes  present. 

« This  Journal,  i,  pp.  279  and  507,  1906. 

« The  recent  very  interesting  researches  of  W.  A.  Osborne  (Journ,  of 
Physiol.f  xxxiv,  p.  84,  1906),  strongly  support  the  ion-proteid  hypothesis. 
The  interchange  of  ions  between  a  slightly  diffusible  protein  salt  on  one 
side  of  a  membrane  and  a  readily  diffusible  electrolyte  on  the  other,  which 
Osborne  has  observed,  is  precisely  what  Loeb  assumed,  when  he  put 
forward  the  ion-proteid  hypothesis,  to  take  place  in  the  more  complex 
but  analogous  case  of  a  cell  bathed  in  a  solution  of  electrolytes,  and  this 
has  been  the  main  assimiption  of  the  ion-proteid  theory  throughout  its 
development. 
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(6)     Molecular  Compounds  of  Protein  with  Electrolytes. 

On  the  other  hand,  there  have  long  been  described  ntimerous 
molecular  compounds  between  various  protein  bodies  and  other 
electrol3rtes.  The  well-known  compounds  of  proteins  with  acids 
and  alkaUes  are  examples  of  this  type  of  compounds.  The 
older  literature  on  the  compounds  with  acids  has  been  collected 
by  Sj6q\4st,^  while  in  more  recent  times  the  work  of  SjOqvist,^ 
'  Cohnheim,^  Cohnheim  and  Krieger,*  Erb,^  Bugarsky  and  Lieber- 
mann,^  von  Rhorer/  Ley,*  Hardy,'  and  Mellanby^®  on  albtunins 
and  globulins,  that  of  Sdldner,^  *  van  Slyke  and  Hart,^^  and  Long^^ 
on  casein,  of  Paal,^*  Sj6qvist,^^  Cohnheim,^^  Bugarsky  and  Lieb- 
ermann,^^  Cohnheim  and  Krieger.^®  Erb,^'  von  Rhorer,^®  and 
SoUmann^^  on  albumoses  and  peptones,  and  that  by  Erb^^  and  by 
T.  B.  Osborne  ^^  on  edestin  has  demonstrated  that  these  protein 
substances  act  as  bases  in  the  presence  of  acids  and  combine 
with  them.     On  the  other  hand  the  work  of  Bugarsky  and 

»  Sj6qvist,  Skand.  Arch.  f.  Physiol.,  v,  p.  277,  1894. 

a  Sjdqvist,  loc.  cit.,  also  Skand.  Arch.  f.  Physiol.,  vi,  p.  255,  1895. 

»  O.  Cohnheim,  Zeitschr.  f.  Biol.,  xxiii,  p.  489,  1896. 

*  O.  Cohnheim  and  Elrieger,  ibid.,  xl,  p.  95,  1900. 

«  Erb,  ibid.,  xli,  p.  309,  1901. 

«  Bugarsky  and  Liebermann,  Arch.  f.  d.  ges.  Physiol.,  Ixxii,  p.  51.  1898* 

'  von  Rhorer,  ibid.,  xc,  p.  368,  1902. 

»  Ley,  Zeitschr.  f.  physik.  Chem.,  xxx,  p.  193,  1899. 

9  W.  B.  Hardy,  Journ.  of  Physiol.,  xxxiii,  p.  251,  1905. 

»o  J.  Mellanby,  ibid.,  xxxiii,  p.  338,  1905. 

»»  SCldner,  Jahresber.  d.  Anat.  u.  Physiol.,  xvii,  p.  314,  1889. 

»2  van  Slyke  and  Hart,  Amer.  Chem,  Journ.,  xxxiii,  p.  461,  1905. 

»a  Long,  Journ.  of  the  Amer.  Chem.  Soc.,  xxviii,  p.  372,  1906. 

i«  Paal,  Ber.  d.  deutsch.  chem.Gesellsch.,iixy,  i,  p.  1202, 1892 ;  ibid,,xxviip 
2,  p.  1827,  1894. 

»«  Sj6qvist,  loc.  cit. 

» «  Cohnheim,  loc.  cit. 

1 '  Bugarsky  and  Liebermaim,  he.  cit, 

1  •  Cohnheim  and  Krieger,  loc.  cit. 

»•  Erb,  loc.  cit. 

>o  von  Rhorer,  loc.  cit, 

a»  SoUmann,  Amer,  Journ.  of  Physiol.,  vii,  p.  199,  1902. 

>«  Erb,  loc,  cit, 

>*  T.  B.  Osborne,  Zeitschr.  f,  physiol,  Chem,,  xxxiii,  pp.  225  and  240, 
Z901. 
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Liebermann,^  Spiro  and  Peinsel,^  Hardy ,^  and  Mellanby*  on 
albumins  and  globulins,  that  of  Maas,^  Volhard,^  and  Sollmann^ 
on  albumoses  and  peptones,  that  of  Hammarsten,*  Sdldner,' 
Laqueur  and  Sackur,^®  Sackur,*  Wan  Slyke  and  Hart,^^  and 
others,  to  which  reference  will  be  made  in  the  sequel,  upon 
casein,  and  that  of  Biernacki,^^  Bayliss  and  Starling,^*  and  of 
Vemon^^  upon  the  retardation  of  the  rate  of  destruction  of 
trypsin  by  alkali  after  the  addition  of  proteins  has  shown  that 
these  protein  substances  act  as  acids  in  the  presence  of  bases 
and  combine  with  them. 

Not  only,  however,  are  compounds  of  proteins  with  acids 
and  bases  known,  but  also  molecular  compounds  of  proteins 
with  salts  (Pauli).^^  Doubt  was  thrown  upon  the  validity  of 
Pauli's  views  in  this  matter  by  the  experiments  of  Bugarsky  and 
Liebermann,^^  Bugarsky  and  Tangle,^*  Stewart,^'  and  Fano  and 
Enriques,^  who  found  no  depression  or,  at  the  most,  a  very  slight 

>  Bugarsky  and  Liebermann,  he.  ciU 

«  Spiro  and  Pemsel,  Zeitschr.  f.  physiol,  Chem.,  xxvi,  p.  233,  1898. 

•  Hardy,  he.  cit. 

«  Mellanby,  he.  eit. 

•  Maas,  Zeitsehr.  f.  physiol.  Chetn.,  xxxix,  p.  61,  1900. 

•  Volhard,  MUnchener  med.  Woehensehr.,  No.  50,  1903,  reviewed  in 
Bioehem.  Centralbl.,  ii,  p.  231. 

'  Sollmann,  loc.  eit. 

•  Hammarsten,  Jahresber.  f.  Thierehem.,  iv,  p.  146,  1874. 

•  SOldner,  Landwirthseh.  Versuehsstation,  35  separat.  18,  quoted  after 
Hammarsten,  Textbook  of  Physiohgical  Chemistry,  trans,  by  Mandel, 
p.  441,  1904. 

»o  Laqueur  and  Sackur,  BHtr.  z.  ehem.  Physhl.  u.  Path.,  iii,  p.  184,  190a. 

»i  Sackur,  Zeitsehr.  f.  physikal.  Chetn.,  xli,  p.  679,  1902. 

«>van  Slyke  and  Hart,  Amer.  Chem.  Joum.,  xxxiii,  p.  461,  1905. 

>«  Biemacki,  Zeitsehr.  f.  Biol.,  xxviii,  p.  55,  1891. 

««  Bayliss  and  Starling,  Joum.  of  Physiol.,  xxx,  p.  61,  1903. 

t»  Vernon,  ibid.,  xxxi,  p.  346,  1904. 

«•  W.  Pauli,  Arch.  f.  d.  ges.  Physhl.,  Ixxviii,  p.  318,  i899;B«<r.  z.  chem, 
Physiol,  u.  Path.,  iii,  p.  225,  1903;  ibid.,  vii,  p.  531,  1906.  Huiskamp, 
Zeitsehr.  f.  physhl.  Chem.,  xxxiv,  p.  32,  1901. 

«»  Bugarsky  and  Liebermann,  Arch.  f.  d.  ges.  Physhl.,  Ixxii,  p.  51. 1898, 

>•  Bugarsky  and  Tangle,  ibid.,  Ixxii,  p.  540.  1898. 

>•  Stewart,  Joum.  of  Physhl.,  xxiv,  p.  216,  1899. 

S0  Fano  and  Enriques,  Rendhonti  della  R.  Accademia  dei  Lincei  classe 
di  Sciense  fishhe,  xii,  2  Sem.,  1903,  quoted  from  Bioehem,  Centralbl.,  ii,  p. 

304. 
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depression  of  conductivity  on  adding  proteins  to  solutions  of 
salts.  Later,  Stewart  found  a  marked  rise  in  conductivity  upon 
the  precipitation  by  heat  of  muscle-proteids  from  their  solution 
in  water  or  in  magnesium  sulphate,^  but  this  throws  no  light 
upon  the  question  under  consideration,  for  secondary  changes  are 
probably  brought  about  in  heat-coagulation  with  the  libera- 
tion of  ionised  substances.  The  researches  of  Hardy ,^  and  of 
Mellanby,^  appear,  however,  to  establish  the  existence  of  these 
neutral  salt  compounds,  while  the  results  of  Amy  and  Pratt* 
appear  to  establish  the  existence  of  such  compounds  with  casein. 
The  results  of  Bugarsky  and  Liebermann,  to  which  I  have  re- 
ferred, may,  as  I  have  pointed  out  elsewhere,^  admit  of  an 
explanation  other  than  the  non-existence  of  compounds  of 
protein  with  salts.  The  compounds  of  proteins  with  heavy 
metals  are  well-known.^  Proteins  also  form  salts  with  dyes'  and 
with  alkaloids.® 

Thus  we  have  two  distinct  arguments:  the  one,  taking  its 
data  from  the  elffects  of  electrolytes  upon  organisms,  concludes 
that  electrolytes  or  their  constituents  form  some  hitherto 
chemically  undefined  compound  with  some  constituent  of  tissues; 
while  the  other,  taking  its  data  from  the  properties  of  solu- 
tions containing  proteins  and  electrolytes,  concludes  that  the 
latter  form  more  or  less  definite  compounds  with  the  pro- 
teins which  we  may  for  the  present  designate  "molecular 
compounds."  ' 

»  Stewart,  Jaum.  of  PhysioLf  xxiv,  p.  460. 

*  W.  B.  Hardy,  Joum,  of  Physiol,,  xxxiii,  p.  251,  1905. 

*  Mellanby,  ibid.,  xxxiii,  p.  338,  1905. 

♦  Amy  and  Pratt,  Amer,  Joum.  of  Pharmacy ,  Ixxviii,  p.  lai,  1906. 
«  Robertson,  Joum.  of  Physical  Chem  ,  x,  p.  524, 1906. 

•  For  literature  consult  Gustav  Mann,  ChenUstry  of  the  Proteids,  p.  303, 
1906,  etc. 

»  For  literature  consult  Gustav  Mann,  Chemistry  of  the  Proteids,  p.  327, 
1906;  Physiological  Histology,  Oxford,  p.  211,  1902,  etc. 

•  Spiro,  Zeitschr.  f.  physiol.  Chem.,  xxx,  p.  182,  1900.  W.  A.  Osborne 
Joum.  of.  Physiol.,  xxvii,  p.  398,  1901.  For  further  literature  consult 
Robertson,  this  Journal,  i,  p.  507,  1906. 

•  This  term,  as  I  will  show  more  fuUy  later  on,  is  only  applicable  to  one 
of  the  compounds  between  electrolytes  and  the  type  of  proteins  which  I 
have  e  Isewhere  designated  Class  I. 
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In  a  recent  paper^  I  have  endeavored  to  establish  a  connection 
between  these  two  arguments,  and  I  have  suggested  that  the 
effects  of  electrolytes  upon  tissues  may  possibly  be  attributed  to 
alterations  in  the  equilibrium  of  the  proteins  regarded  as  am- 
photeric electrolytes  (type  HXOH),  that  the  ion-proteids  are, 
in  reality,  salts  of  the  ampholates,  that  is,  of  the  proteins  disso- 
ciating as  acids  or  as  bases  (**ampho-salts,'*  types:  Na+-}-XOH' 
HX++C1'),  and  that  the  ** non-dissociable**  ion-proteid  com- 
pounds^  which  exist  in  tissues  are,  in  reality,  ampho-salts  disso- 
ciating as  acids  or  as  bases  (types:   NaX++OH',  H+-j-XCr). 

(c)  Objects  of  this  Investigation. 

The  present  investigation  was  undertaken  with  the  object, 
in  the  first  place,  of  ascertaining  the  relation  between  the  ion- 
proteids  and  the  molecular  compounds  of  proteins  with  electro- 
lytes, and,  in  the  second  place,  of  ascertaining,  under  more 
exactly  defined  conditions  than  hitherto,  the  influence  of  elec- 
trolytes upon  tryptic  digestion. 

Casein  was  chosen  as  affording  the  most  favorable  point  of 
attack ;  in  the  first  place,  because  its  compoimds  with  acids  and 
alkalies  have  already  been  the  subject  of  very  numerous  investiga- 
tions, so  that  we  have  a  comparatively  large  number  of  data 
at  our  disposal,  and,  in  the  second  place,  because,  as  we  shall  see, 
casein  lends  itself  to  accurate  quantitative  estimation. 

II.      SOME     CHEMICAL    PROPERTIES    OP    CASEIN. 

(a)     Nomenclature. 

In  stud)ring  the  chemical  properties  of  casein  we  are  con- 
fronted at  the  outset  with  no  little  confusion  in  nomenclature. 
The  term  casein  was  restricted  by  Hammarsten  to  the  substance 
normally  present  in  milk,  while  the  coagultmi  formed  when  this 
substance  is  acted  on  by  rennet  was  termed  by  him  K&se?  In 
1884  it  was  proposed  by  E.  Schultz  and  R6seto  call  Hammars- 

«  Robertson,  Journ.  of  Physical  Chem.,  x,  p.  524,  1906. 
» J.  Loeb,  Dynamics  of  Living  Matter,  p.  7a,  1906. 
*  Hammarsten,  Jahresher,  f.  Thierchem.,  iv,  p.   138,  1874.     Sebelieii, 
Journ,  of  Physiol.,  xii,  p.  95,  1891. ' 
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ten's  Kase,  paracasein,^  and  this  suggestion  has  been  widely  ac- 
cepted; according  to  Mann  ,2  however,  Hammarsten  must  have 
antedated  Schultz  and  Rdse  in  utilizing  the  terms  casein  and 
paracasein.  In  1888,  Foster,^  without  referring  to  the  nomen- 
clature adopted  by  Schultz  and  Rose,  proposed  to  call  the  product 
of  the  action  of  rennet  upon  *'the  natural  soluble  casein" 
''tyrein,''  while  in  1890  Hallibtirton,  stating  that  Poster,  so  far 
as  he  had  been  able  to  find,  was  the  only  previous  author  who 
had  recognized  the  distinction  between  the  casein  normally 
present  in  milk  and  the  curd  produced  by  rennet,  proposed  to 
call  the  substance  normally  present  in  milk  caseinogen, 
restricting  the  term  casein  to  the  curd  produced  by  rennet.* 
This  nomenclature  of  Halliburton's  is  analogous  to  that  ap- 
plied to  other  substances,  such  as  fibrinogen  and  fibrin,  myosino- 
gen  and  myosin,  and  which  has  also  been  applied  to  various 
zymogens  and  enzymes  such  as  trypsinogen  and  tr3rpsin,  in  each 
case  the  suffix,  -ogen,  denoting  a  precursor.  Other  nomen- 
clatures have  at  various  times  been  suggested  but  none  of  them 
appears  to  have  claimed  many  adherents.^ 

While  the  nomenclattire  suggested  by  Halliburton  possesses 
some  advantages  it  has  not  been  universally  received,  and 
since  that  proposed  by  Schultz  and  R6se  appears  to  have  been 
more  generally  adopted  and,  moreover,  possesses  the  right  of 
priority,  I  have  adopted  it  here  in  the  modified  form  suggested 
by  van  Slyke  and  Hart.^ 

We  shall  therefore  restrict  the  term  **ccuein**  to  the  free 
proteid,  unaltered  by  rennet.  The  compound  with  calcitmi 
hydrate  which  is  neutral  to  litmus,  and  which  exists  in  cows 
milk,  will  be  called  '*  calcium  casein''  ''netUral  calcium  casein,'' 
or  **  neutral  calcium  caseinate,"  the  compound  with  calcium 
hydrate  which  is  neutral  to  phenolphthaleinwill  be  called ''bosur 

*  £.  Schultz  and  ROse,  Landwirtsch.  Versuchsstationen,  xxxi,  p.  131, 
1 884-1 885,  quoted  after  Sebelien,  loc,  cit. 

3  Gustav  Mann,  Chemistry  of  the  Proteids,  p.  491,  1906. 

*  Foster,  Textbook  of  Physiology,  $  Ed.,  ii,  p.  376,  1888. 

*  Halliburton,  Joum.  of  Physiol.,  xi,  p.  448,  1890. 

'  Consult  Raudnitz,  Ergebnisse  der  Physiologie,  ii,  i,  p.  193,  1903. 
» Van  Slyke  and  Hart,  Amer.  Chem.  Joum*,  xxxiii,  p.  461,  1905. 
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calcium casetn,**  or  "  basic  calcium caseinate,**  while  the  compounds 
of  casein  with  acids  will  be  termed  **  casein  hydrochloride,*' 
'* casein  sulphate,*'  etc.  The  product  of  the  action  of  rennet 
upon  calcium  casein  we  shall  only  refer  to  incidentally,  but  the 
free  proteid  will  be  termed  ** paracasein,**  and  the  same  nomen- 
clature as  that  applied  to  the  compounds  of  casein  will  be  used  to 
designate  the  compounds  of  paracasein;  thus  the  compound 
with  calcitmi  hydrate  which  is  neutral  to  litmus  will  be  termed 
''calcium  paracasein,**  ''neutral  calcium  paracasein**  or  "neutral 
calcium  paracaseinate**  etc. 

(6)     General  Properties. 

Casein,  in  the  dry  state,  forms  a  white  powder  which  is  in- 
soluble in  water^  and  is  hygroscopic.  I  find  that  purified  casein 
dried  for  about  five  hours  at  70*^  to  80°  C.  loses  5.8  per  cent,  of 
its  weight.  I  could  not  detect  any  appreciable  further  loss  of 
weight  on  continuing  the  drying  at  70®  C,  but  B^champ  found 
that  at  140°  C.  casein  lost  16.5  per  cent,  of  its  weight  in  the  form 
of  water.2  According  to  the  majority  of  observers,  casein 
reddens  litmus  paper.  W.  A.  Osborne,  howevei:,  denies  this. 
The  reasons  for  this  difference  of  opinion  lie,  I  think,  in  the 
following  facts: — ^A  suspension  of  casein,  thoroughly  shaken  up 
in  distilled  water,  reddens  litmus  paper  wherever  the  suspended 
particles  touch  it,  but  if  this  suspension  be  filtered  the  filtrate 
contains  no  detectable  casein  and  is  neutral  to  litmus.  The 
casein  is  possibly  soluble  to  a  very  slight  extent  in  distilled 
water  but  this  slight  amotmt  is  practically  entirely  concentrated 
at  the  surface  of  the  water  immediately  in  contact  with  the  solid 
particles  owing  to  the  diminution  in  surface  energy  which  is 
thus  brought  about,^  so  that  the  litmus  is  only  reddened  where 
it  touches  these  surfaces.  Gibbs  has  pointed  out  that  such  an 
interfacial  transition-layer  may  be  regarded  as  a  distinct  phase 

1  Laqueur  and  Sackur,  according  to  Hammarsten,  Textbook  of  Phys- 
iological  Chemistry,  trans,  by  Mandel,  p.  441,  1904.  Cohnheim.,  Chentie 
der  Eiweissk6rper,  Braunschweig,  p.  173, 1900.  W.  A.  Osborne,  Joum.  of 
Physiol.,  xxvii,  p.  398,  190 1. 

>  B6champ,  Bull,  soc,  chim.,  (3),  xi,  p.  152,  1894. 

«  See  Whetham,  A  Treatise  on  the  Theory  of  Solutions,  p.  98,  1902. 
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having  its  own  characteristic  equation.^  It  may  be  pointed  out 
here  that,  in  regard  to  the  properties  which  we  have  so  far  dealt 
with,  casein  resembles  the  other  phospho-globiilins,  ^  to  which 
class  it  belongs,  and  also,  possibly  to  a  less  extent,  globulin.^ 
The  decomposition-products  of  casein  are  fully  discussed  in 
Gustav  Mann*s  Chemistry  of  the  Proteids.^ 

The  base-free  casein  is  soluble  in  warm  5  per  cent,  salt  solution 
and  in  hot  50  per  cent,  alcohol;  when  freshly  prepared  and 
warmed  it  is  very  plastic  and  is  capable  of  being  drawn  out  into 
long,  fine  threads.^ 

Casein  acts  as  an  acid  in  expelling  carbon  dioxide  from  car- 
bonates and  bicarbonates,  forming  a  salt  with  the  base,^  and  in 
this  way,  according  to  Osborne,^  the  ammonium,  potassium 
sodium,  lithitmi,  magnesitmi,  strontium,  and  calcium  caseinates 
can  be  prepared,  while  by  acting  upon  the  casein  with  barium 
hydrate  barium  caseinate  can  be  prepared.  Osborne  also  states 
that  casein  forms  salts  with  alkaloids  such  as  caffein  and 
strychnin.®  The  solutions  of  the  neutral  caseinates  of  the 
alkaline  earths  form  a  haptogen  film  on  the  surface  on  heating 
(Osborne)  and  are  converted  by  rennet  into  paracasein  com- 
pounds,' but  a  coagulum  is  only  formed  by  the  action  of  rennet 
upon  a  solution  of  calcium  casein  in  the  presence  of  excess  of 
soluble  calcium  salts^^ ;  solutions  of  the  caseinates  of  the  alkalies 
do  not  form  coagula  when  acted  on  by  rennet.  ^^     The  solutions 

J.  WiUard  Gibbs,  Trans.  Connect,  Acad,,  iii,  p.  380,  1877. 

Compare  Gustav  Mann,  Chemistry  of  the  Proteids,  p.  394,  1906. 

W.  B.  Hardy,  Joum,  of  Physiol,,  xxxiii,  p.  268,  1905. 

Page  70. 

van  Slyke  and  Hart,  Amer,  Chem.  Joum,,  xxxiii,  p.  473,  1905. 

Sdldner,  quoted  after  van  Slyke  and  Hart,  loc,  cit.,  p.  465. 

W.  A.  Osborne,  loc,  cit, 

Wroblewski,  Zeitschr.  f.  physiol,  Chem,,  xxi,  p.  i ,  1895,  had  previously 
stated  that  nicotin  combines  with  casein. 

•  Ringer,  Joum.  of  Physiol.,  xi,  p.  464,  1890;  and  xii,  p.  164,  1891.  W 
A.   Osborne,  ibid,  xxvii.,  p.  398,   1901.     van  Slyke  and  Hart,   Amer^ 
Chem.  Joum.,  xxxiii,  p.  484,  1905. 

»o  Ringer,  Joum.  of  Physiol.,  xi,  p.  464,  1890.  van  Slyke  and  Hart* 
loc.  cit. 

»»  W.  A.  Osborne,  loc.  cit.  Ringer,  Joum.  of  Physiol.,  xii,  p.  164,  1891* 
alludes  to  the  difficulty  of  precipitating  paracasein  by  calcium  chloride 
when  it  is  dissolved  in  soditim  bicarbonate  or  hydrate. 


328  lon-Proteid  Compounds 

of  the  caseinates  of  the  alkaline  earths  and  alkaloids  are 
markedly  opalescent,  and  these  caseinates  are  precipitated 
from  their  solution  by  the  addition  of  any  finely  divided 
insoluble  substance  or  by  passage  through  a  clay  filter,  while 
on  warming  their  solutions  to  35*^-45®  C.  a  marked  turbidity 
occurs  which  disappears  on  cooling,  a  phenomenon  which 
Osborne  attributes  to  hydrolysis  on  heating,  setting  free  the 
insoluble  casein. 

The  salts  of  the  alkalies  and  ammonium  give  clear  solutions, 
are  not  precipitated  by  finely  divided,  insoluble  substances  or  by 
passing  through  a  clay  filter,  and  do  not  (except  in  the  case  of 
lithium  caseinate)  show  any  increase  in  turbidity  on  warming.^ 

{c)     Quantitative  Estimation  of  Casein, 

The  methods  hitherto  used  for  the  estimation  of  the  amotint  of 
casein  destroyed  in  digests  have  chiefly  depended  upon  altera- 
tions in  some  physical  properties  of  the  solutions,  such  as 
viscosity^  or  electrical  conductivity,^  in  which  the  chemical 
meaning  of  the  quantity  measured  is  not  very  clear,  while 
Plimmer  and  Bayliss*  have  utilized  the  splitting  off  of  "soluble 
phosphorus"  as  a  means  of  estimating  the  rate  at  which  casein 
is  digested. 

Volhard,^  however,  used  casein  hydrochloride  in  his  digestion 
experiments,  precipitated  the  undigested  casein  by  me^ns  of 
sodium  sulphate,  and  titrated,  using  the  amount  of  free  acid  in 
the  filtrate  as  an  estimate  of  the  amount  digested.  This  method 
has  been  criticised  by  Gl^ssner.^ 

None  of  the  methods  described  above  appear  to  admit  of  a  very 
high  degree  of  accuracy  so  far  as  the  estimation  of  the  amount 
of  casein  actually  digested  is  concerned.     Gravimetric  methods 

»  W.  A.  Osborne,  loc,  cit, 

a  Emil  Fischer  and  Abderhalden,  Zeitschr.  f.  physiol.  Chetn.,  xl,  p.  215, 
1903. 

*  Bayliss,  Arch,  des  set,  biol,,  xi,  Suppl.,  p.  261,  1904.  V.  Henri  and 
des  Bancels,  Compt.  rend,  d,  soc,  bioLt  Iv,  p.  789,  1903. 

*  Plimmer  and  Bayliss,  Journ.  of  Physiol.,  xxxiii,  p.  439. 

*  Volhard,  MAnch.  med.  Wochenschr,,  Nos.  49  and  50,  1903,  quoted  from 
Biochem.  Centralbl.t  ii,  p.  231. 

*  Glfissner,  MUnch,  med,  Wochenschr,  lii,  1903. 
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have  been  employed  to  estimate  casein,  for  instance  by  W.  A. 
Osborne,^  but  they  involve  a  large  expenditure  of  time  and  also 
some  uncertainties.  The  researches  of  van  Slyke  and  Hart.^ 
however,  appear  to  indicate  the  possibility  of  estimating  casein 
volumetrically  with  a  greater  approach  to  accuracy  than  hitherto. 

These  observers  have  confirmed  SoldnerV  observation  that 
casein  combines  with  about  2.4  per  cent,  of  calcium  oxide  form- 
ing a  compound  neutral  to  phenolphthalein  (basic  calcitmi 
caseinate).  In  other  words,  one  gram  of  casein  neutralizes  to 
phenolphthalein  an  amount  of  calcium  hydrate  equivalent  to 
8  c.c.  of  ^  hydrochloric  acid.  This  also  corresponds  exactly 
with  the  results  obtained  by  Laqueur  and  Sackur.* 

The  method  actually  employed  in  the  majority  of  the  experi- 
ments was  as  follows: 

The  casein  in  200  c.c.  of  the  solution  under  investigation  was  precipi- 
tated by  the  addition  of  about  15  c.c.  of  /J  acetic  acid  (made  up  approxi- 
mately by  diluting  10  c.c.  of  Kahlbatmi's  glacial  acetic  acid  to  1750  c.c.) 
In  the  earlier  experiments  on  the  digestion  of  casein  by  trypsin  saturated 
solutions  of  casein  in  Jj,  alkali  were  used  and  it  was  foimd  experimentally 
that  15  c.c.  of  the  acetic  acid  solution  was  the  least  amoimt  which  gave 
a  quick  and  complete  precipitation ;  in  the  later  experiments  more  dilute 
solutions  of  casein  were  employed,  but  as  it  was  found  that  excess  of 
acetic  acid  did  not  introduce  any  appreciable  error  into  the  estimation, 
the  same  proportion  of  ^^^  acetic  acid  solution  to  the  casein  solution  was 
adhered  to  throughout,  except  in  a  few  experiments  in  which  solutions  of 
casein  in  alkali  stronger  than  ,5,  were  tmder  investigation.  The  precipi- 
tate produced  by  the  acetic  acid  was  collected  on  a  filter  and  washed 
in  a  stream  of  distilled  water  for  an  hour  or  for  a  longer  period  if  the 
precipitate  was  bulky ;  the  distilled  water  was  siphoned  off  from  a  large 
vessel  and  its  outflow  into  the  filter  regulated  by  a  screw-clamp  attached 
to  a  rubber  tube  imtil  the  rates  of  entry  into  and  of  exit  from  the  filter 
were  equal.  The  filter  containing  the  precipitate  was  then  placed  in  a 
beaker  and  a  given  amoimt  (as  a  rule,  25  c.c.)[of  calcium  hydrate  solution 
(approximately  J!)  which  had  been  standardized  against  standard  ^ 
hydrochloric  acid  was  nm  in  and  distilled  water  added  till  the  volume  in 
the  beaker  was  about  200  c.c.  The  filter  paper  was  then  macerated  in 
the  solution  by  stirring  with  a  glass  rod  the  end  of  which  was  protected 

>  W.  A.  Osborne,  Journ.  of  Physiol.,  xxvii,  p.  398,  1901. 

2  van  Slyke  and  Hart,  Amer.  Chem,  Journ.,  xxxiii,  p.  461,  1905. 

*  Sdldner,  Landw.  Verstu;hsstat.,  xxxv,  p.  351,  1888. 

*  Laqueur  and  Sackur,  Beitr.  z.  chem.  Physiol,  u.  Path.,  iii,  p.  196,  1903. 
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with  rubber  tubing,  which  served  the  double  purpose  of  guarding  against 
cracking  the  beaker  and  of  enabling  one  to  rub  off  the  sides  of  the  beaker 
any  particles  of  casein  adhering  to  them.     This  maceration  was  continued 
until  a  fairly  imiform  pulp  suspended  in  an  opalescent  solution  was  ob- 
tained and  no  particles  of  undissolved  casein  were  left ;  since  the  particles 
of  casein  quickly  fall  to  the  bottom  of  the  beaker  and  are  different  in 
color  from  the  particles  of  filter  paper  the  point  of  complete  solution  is 
readily  determined  and  usually  occurs  some  time  before  the  filter  paper 
is  thoroughly  macerated  into  a  pulp.     The  filter  papers  used  throughout 
these  experiments  were  Schleicher  and  Schull's  No.  589  "black  band" 
papers  as  these  retained  the  precipitate  well,  filtered  rapidly,  and  readily 
imderwent  maceration.     Since  these  filter  papers  are  practically  ash-free 
their  influence  upon  the  reaction  of  the  solution  is  negligible.     To  this 
solution  ten  drops  of  an  alcoholic  solution  of  phenolphthalein  (approxi- 
mately one  per  cent.     The  same  solution  and  the  same  dropper  were  used 
throughout.     The  phenolphthalein  was  de  Haen's.)  were  now  added  and 
the  standard  ^  hydrochloric  acid  was  run  in  tmtil  the  solution  was  ren- 
dered just  colorless,  so  that  one  drop  of  ,^  calcium  hydrate  solution  brought 
back  a  just  perceptible  color;  this  was  taken  as  the  neutral  point.     It  is 
necessary  thus  to  describe  in  detail  the  exact  procedure  as  the  change  in 
color  of  the  solution  is  gradual  and  extends  over  the  addition  of  from  0.5 
to  X  c.c.  of  JJ  hydrochloric  acid.     Some  point  has,  therefore,  more  or  less 
arbitrarily  to  be  decided  on  and  the  above  procedure,  imder  the  conditions 
of  volume,  etc.,  outlined  above,  gave,  as  we  shall  see,  results  in  accordance 
with  those  of  van  Slyke  and  Hart  and  of  Laqueur  and  Sackur  to  which 
I  have  alluded. 

Knowing  the  number  of  cubic  centimeters  of  the  standard  acid  required 
to  neutralize  35  c.c.  of  the  standard  lime-water  solution,  the  difference 
between  this  niunber  and  that  required  to  neutralize  25  c.c.  of  the  calcium 
hydrate  solution  plus  the  casein,  multiplied  by  a  factor,  gives  the  number 
of  grams  of  casein  in  the  original  300  c.c.  of  solution.  The  exact  factor 
depends,  of  course,  upon  the  concentration  of  the  acid  employed,  but 
supposing  it  to  be  accurately  ^,  since  o.  135  gram  of  casein  is  equivalent 
to  X  c.c.  of  1^  acid,  according  to  the  measurements  of  van  Slyke  and  Hart 
and  of  Laqueur  and  Sackur,  therefore  i  c.c.  of  ^  hydrochloric  acid  is 
equivalent  to  the  amount  of  calcium  hydrate  neutralized  by  0.03125 
gram  of  casein ;  multiplying,  therefore,  the  difference  between  the  number 
of  cubic  centimeters  of  acid  required  to  neutralize  35  c.c.  of  the  calcium 
hydrate  solution  and  that  required  to  neutralize  35  c.c.  of  the  same 
solution  after  the  casein  has  been  dissolved  in  it  by  0.03135  gives  us  the 
number  of  grams  of  casein  in  the  original  solution. 

The  hydrochloric  acid  solution  was  originally  standardized  in  two  ways. 
In  the  first  place  a  decinormal  sodium  hydrate  solution  was  made  up 
and  titrated  with  phenolphthalein  indicator  against  a  standard  decinormal 
hydrochloric  acid  solution  which  had  been  used  in  this  laboratory  for 
standardizing  solutions  and  was  considered  to  be  exact.     The  ^  hydro- 
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chloric  acid  was  now  standardized  against  this  alkali,  using  phenolphthalein 
as  indicator.  In  the  second  place,  a  solution  of  ^  silver  nitrate  was  made 
up  and  standardized  with  chromate  indicator  against  carefully  dried 
and  weighed  Kahlbaum's  soditim  chloride.  A  known  volume  of  the  £ 
hydrochloric  acid  solution  was  then  neutralized  by  Kahlbaum's  soditmi 
bicarbonate  and  titrated  against  this  silver  nitrate  with  chromate  as  indi- 
cator. The  two  results  agreed  almost  exactly  and  their  mean  was  taken  as 
correct.  The  calcitim  hydrate  solutions  were  made  up  by  igniting 
Kahlbaum's  calcium  oxide  and  nearly  saturating  water  with  the 
calcium  hydrate  formed  on  adding  to  it  the  ignited  calcitun  oxide;  they 
varied  in  concentration  between  H  and  ,?.  They  were  then  standardized 
after  filtration,  against  the  ^  hydrochloric  acid:  subsequent  solutions 
of  hydrochloric  acid  were  standardized  against  the  calcitmi  hydrate 
solution  and  vice  versa,  while  at  intervals  the  hydrochloric  acid  solutions 
were  rechecked  against  the  silvei^ nitrate,  which,  in  its  turn,  was  several 
times  restandardized  against  Ks^baum's  soditun  chloride. 

Before  quoting  actual  results  several  sources  of  error  in  this  method 
have  to  be  considered. 

In  the  first  place,  tinless  certain  precautions  are  taken,  the  precipi- 
tation by  acetic  acid  may  not  be  complete,  while  it  is  obvious  that  the 
whole  accuracy  of  the  method  depends  upon  the  completeness  of  this 
precipitation.  If  15  cc.  of  ?,  acetic  acid  be  added  to  aoo  c.c.  of  a  satu- 
rated solution  of  casein  in  lime-water,  it  may  happen  that  no  precipitation 
occurs  at  all,  although  the  solution  increases  markedly  in  opalescence  and 
the  amount  of  acetic  acid  present  may  be  greatly  in  excess  of  that  required 
to  precipitate  all  the  casein.  Indeed  if  such  a '  'solution  "  be  left  imdisturbed 
and  has  not  previously  undergone  digestion,  and  no  othpr  substances 
be  present  (such  as  neutral  salts),  hardly  any  precipitate  may  be  deposited 
for  at  least  twenty-four  hours.  The  change  from  the  finely-suspended 
condition  to  the  precipitated  condition  is  therefore  one  into  which  a  time 
factor  enters.  Even  vigorous  stirring  of  such  a  "solution"  may  not 
result  in  a  complete  precipitation,  the  supernatant  fltiid  remaining 
opalescent.  If,  however,  the  acetic  acid  be  added  slowly  and  the  solution 
vigorously  stirred  or  shaken  just  while  the  increase  in  opalescence  is 
taking  place,  minute  granules  begin  to  appear,  and  on  then  adding  the 
excess  of  acetic  acid  a  flocculent  precipitate  is  at  once  obtained  and  the 
supernatant  fluid  is  left  quite  clear.  This  phenomenon  may  possibly  be 
a  partictilar  case  of  the  general  law  enunciated  by  Hardy  for  colloidal 
solutions,  namely,  that  the  more  slowly  the  division  into  two  phases 
occurs  the  smaller  and  less  curved  is  the  surface  of  separation. > 
Freundlich  has  also  drawn  attention  to  similar  phenomena.* 

Small  quantities  of  neutral  salts,  as  also  the  products  of  digestion, 
appear  to  accelerate  the  change  from  the  finely-suspended  condition  to 

»  W.  B.  Hardy,  Joum,  of  Physical  Chem.,  iv,  p.  258,  1900. 
2  Freundlich,  Zeitschr.  /.  physik.  Chem.,  xliv,  p.  129,  1903. 
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the  precipitated  condition;  at  all  events  such  difficulties  were  seldom 
met  with  in  solutions  which  had  been  digested  or  to  which  salts  (con- 
centration {^  and  upwards)  had  been  added.  On  quickly  adding  excess 
of  acetic  acid»  without  shaking,  the  precipitate  might  not  come  down  at 
once,  it  is  true,  but  on  standing  or  on  slight  shaking  it  at  once  came  down. 
In  any  case  the  filtrate  is  more  likely  to  be  perfectly  clear  if  the  solution  be 
left  standing  for  about  an  hour  after  adding  the  acetic  acid.  In  all  cases 
if  the  filtrate,  on  comparing  with  distilled  water,  was  foimd  to  be  at  all 
opalescent  it  was  refiltered,  which  usually  succeeded,  or,  if  this  failed, 
the  experiment  was  rejected. 

Another  source  of  error  is  the  tendency,  which  the  casein  precipitate 
occasionally  displays,  to  pass  through  the  filter  after  the  original  filtrate 
has  come  through  clear  and  while  the  precipitate  is  being  washed.  This 
rarely  occurred  and  when  it  did  refiltration  of  the  washings  and  rewashihg 
usually  proved  sufficient  to  secure  the  ro^ntion  of  the  precipitate.  I  was 
imable  to  assign  a  reason  for  this  when  it  did  occur. 

Another  possible  source  of  error  is  the  solvent  action  on  casein  of  ex- 
cess of  acetic  acid  which  is  claimed  by  some  investigators.  As  I  have 
pointed  out,  however,  I  have  been  unable  to  detect  this  solvent  action  of 
acetic  acid.  Moreover,  duplicate  determinations  were  occasionally  made 
in  which  different  quantities  of  acetic  acid  had  been  used  for  precipitation 
and  the  results  of  such  determinations  did  not  differ  in  any  definite  sense 
nor  by  more  than  the  experimental  error. 

Another  thing  which  has  to  be  guarded  against  is  the  possibility  of 
incomplete  extraction  of  the  acetic  acid  from  the  precipitate  by  the 
washing.  If  less  than  aoo  milligrams  of  casein  are  collected  on  a  15  cm. 
filter  one  hour  of  washing  is  iisually  ample,  unless  an  unusual  excess  of 
acid  is  employed.  For  quantities  of  casein  greater  than  this  an  hour 
and  a  half  or  two  hours*  washing  must  be  employed. 

The  error  due  to  the  absorption  of  acid  or  base  by  the  filter  paper  must 
be  negligible,  since,  according  to  Evans'  results,  one  gram  of  filter  paper 
would  only  absorb  half  a  milligram  of  hydrochloric  acid  from  a  fortieth' 
normal  solution.  1 

As  no  precautions  were  taken  to  exclude  it,  the  carbon  dioxide  in  the 
distilled  water  employed  in  these  estimations  provided  another  possible 
source  of  error.  The  error  was  approximately  constant,  however,  as  the 
volume  of  the  fluid  titrated  was  kept  constant.  Moreover,  as  the 
standardization  of  the  calciiun  hydrate  solutions  was  also  made  in  each 
case  with  about  the  same  total  voltune  (200  c.c.)  of  fluid,  the  error  due  to 
carbonjdioxide  was  practically  eliminated,  for  although  the  actual  con- 
centration of  the  caldtmi  hydrate,  as  estimated  by  titration,  might  be 
affected,  yet  the  difference  between  the  niunber  of  cubic  centimeters  of 
standard  add  required  to  neutralise  a  given  amount  of  lime-water  and 

»  Evans,  Journ.  of  Physical  Chem.,  x,  p.  290,  1906. 
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the  number  required  to  neutralize  the  same  amount  of  lime-water,  under 
the  same  conditions  of  volume,  etc.,  after  the  addition  of  casein,  would 
not  be  subject  to  any  appreciable  error.  The  titrations,  however,  as  is 
usual  when  phenolpbthalein  is  used  as  indicator,  could  not  be  carried  on 
successfully  in  a  room  containing  several  Ughted  bunsen  bumerG. 

The  following  table  will  serve  to  illustrate  the  results  which 
are  obtained  by  this  method.  Since  it  was  important  for  tbe 
purposes  of  these  investigations  to  ascertain  whether  the  nature 
of  the  solvent  had  any  influence  upon  the  precipitation  by 
acetic  acid,  or  otherwise  affected  the  accuracy  of  the  method, 
varying  solvents  were  used  from  time  to  time. 

The  figures  in  the  first  column  are  the  weighed  amounts,  in 
grams,  minus  $.8  per  cent.,  which,  as  we  have  seen,  is  the 
amount  of  water  driven  off  by  drying  at  7o°C. 


lOO  c.c. 

Solvent. 

Amount  of  Caaeiii 

IOO0.C. 

6.9 

ft    Ca(OH). 

6.77 

JS,  Ca(OH), 

1.60 

0.802 

A  Ca{OH), 

0.788 

^  Ca(OH), 

0.360 

0.312 

^  Ca(OH), 

0.340 

0.13 

T  Ca(OH  . 

0.15S 

0.113 

jJh  Ca{OHi, 

+  ,"! 

NO, 

0.111 

0.113 

:s 

UH 

COONa 

0.111 

0.094 

0.097  ■ 

I  It  is  necessary  to  nearly  neutralize  an  acid  solution  of  casein  b«fbre 
attempting  to  precipitate  with  acetic  add. 


No  indication  of  a  tendency  on  the  part  of  added  electrolytes 
to  inhibit  the  precipitation  of  the  casein  by  acetic  acid  was  ob- 
served except  in  the  cases  of  fernc  and  cupric  chlorides.  Potas- 
sium cyanide  renders  precipitation  difficult,  but  approximately  - 
quantitative  results  were  obtained  in  estimating  the  casein  ia 
potassium  cyanide  solutions,  although  the  large  excess  of  acetic 
acid  which  it  was  necessary  to  use  for  precipitation  rendered  its 
complete  extraction  from  the  precipitate  by  washing  somewhat 
difficult. 


334  lon-Proteid  Compounds 

The  casein  used  throughout  these  experiments  was  the  casein  prepared 
by  Hammarsten's  method,  sold  by  Messrs.  Eimer  &  Amend.  This 
preparation  contained  a  small  percentage  of  a  water-soluble  acid,  pre- 
sumably acetic  acid.  After  triturating  loo  grams  with  several  liters  of 
water,  however,  and  then  washing  with  alcohol  and  ether  and  drying  at 
40®  C,  the  product  no  longer  gave  an  acid  reaction  to  distilled  water  after 
filtration.  This  "purified  casein"  was  used  for  all  the  experiments  on 
solubility,  etc.,  and  for  most  of  the  experiments  on  tryptic  digestion.  In 
most  of  the  experiments  on  the  influence  of  salts  upon  the  velocity  of  * 
digestion,  however,  the  unpurified  substance  was  used.  The  minute 
amount  of  acetanion  thus  introduced,  however,  probably  did  not  appreci- 
ably affect  the  results,  for,  as  we  shall  see  later,  a  number  of  experiments 
on  the  velocity  of  autohydrolysis,  made  both  with  the  purified  and  the 
tmpurified  casein,  gave  practically  identical  velocity  constants  for  both 
preparations. 

Some  time  after  I  had  begun  this  investigation,  a  paper  by 
Amy  and  Pratt  appeared  in  which  they  describe  another  method 
of  estimating  casein  voltmietrically.^  These  observers  find  that 
casein  combines  with  alums  in  molecular  proportions  and  that 
the  compound  with  ferric  alum  is  insoluble;  hence,  in  order  to 
estimate  casein,  they  run  into  the  solution  an  excess  of  a  solution 
of  ferric  alum,  filter  off  the  precipitate,  and  determine  the  iron 
left  in  the  filtrate.  Judging  from  their  results,  this  method  is 
very  acctirate.  I  did  not  adopt  it,  however,  in  the  remainder  of 
the  investigation,  firstly,  because  it  appeared  advisable  that  all 
the  restdts  should  be  obtained  by  a  imiform  method,  and, 
secondly,  because,  no  factor  connecting  the  amount  of  casein 
precipitated  with  the  weight  of  ferric  alum  combined  having 
yet  been  worked  out,  only  comparative  and  not  absolute  de- 
terminations of  casein  could  have  been  made.  My  method  is 
also,  possibly,  the  quicker  one  of  the  two. 

(ct)  Solubility  in  Alkalies. 

As  we  have  stated,  casein  acts  as  an  acid  in  the  presence  of 
bases,  forms  salts  with  the  alkalies  and  alkaline  earths,  and  is 
able  to  expel  carbon  dioxide  from  their  carbonates.  The 
amount  of  calcium  oxide  with  which  casein  combines  has  been 
the  subject  of  many  investigations;  SOldner  found  that   100 

«  Amy  and  Pratt,  Atner.  Journ.  of  Pharmacy ^  Ixxviii,  p.  121,  1906. 
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grams  of  casein  combined  with  an  amoimt  of  calcium  hydrate 
eqiiivalent  to  2.32  grams  of  calcium  oxide  to  form  a  compound 
neutral  to  phenolphthalein^ ;  Courant  found  that  the  compound 
neutral  to  phenolphthalein contained  2.91  gramsof  calciumjoxide,^ 
while  the  figtires  given  by  other  observers  are:  de  Jager,^  2.4, 
Timpe,*  2.618,  Kobrak,^  2.98,  Laqueur  and  Sackur,^^  2.46,  van 
Slyke  and  Hart/  2.4. 

The  compound  of  casein  with  2.46  per  cent,  of  calcium  oxide 
or  2.73  per  cent,  of  sodium  oxide,  neutral  to  phenolphthalein,  is 
termed  by  S61dner  the  basic  caseinate,  by  Courant  the  tricaseinate 
of  the  base,  while  the  compound  of  casein  with  1.55  per  cent,  of 
calcium  oxide  or  1.71  per  cent,  of  sodium  oxide,  neutral  to 
litmus,  is  described  by  S6ldner  as  the  neutral  caseinate,  by 
Courant  as  the  dicaseinate  of  the  base;  according  to  the  de- 
terminations of  van  Slyke  and  Hart,  this  compound  contains 
1.5  per  cent,  of  calcium  oxide.  In  addition  to  these  two  classes 
of  compounds  a  third,  acid  to  litmus  and  containing  o.q6i  per 
cent,  of  sodium  oxide,  bas  been  described  by  Timpe,®  while, 
more  recently.  Long'  has  described  "acid  salts**  of  casein,  con- 
taining twice  as  much  casein  as  the  compound  neutral  to 
phenolphthalein;  as  we  shall  see,  however,  the  existence  of  these 
latter  compounds  is  questionable. 

The  ammonium  caseinate,  neutral  to  litmus  (eucasein),  con- 
tains, according  to  Bdchamp,^^  1.17  to  1.21  percent,  of  ammonia 
(-1.94  to  1.99  per  cent,  of  calcium  oxide),  while  Salkowski^* 
states  that  this  compound  contains  only  0.35  per  cent,  of  ammonia 

»  Sdldner,  Landw.  Versuchsstat.,  xxxv^  p»  35 1»  1888;  quoted  after  van 
Slyke  and  Hart,  loc,  ciU 

a  Courant,  Arch.  f.  d.  ges.  Physiol. ^  1,  p.  109.  1891. 

»  L.  de  Jager,  Nederl.  Tijdschr.  v,  Geneesk,^  ii,  p.  253,  1897,  quoted 
from  Jahresber.  f.  Thierchem.,  xxvii,  p.  276,  1897. 

•  H.  Timpe,  Arch.  f.  Hyg.,  xviii,  p.  i,  1893,  quoted  after  Raudnitz, 
Ergeb,  d.  Physiol. ^  ii,  i,  p.  193,  1903. 

•  E.  Kobrak,  Arch.  f.  d,  ges.  PhysioL^  Ixxx,  p.  69,  1900. 

•  Laqueur  and  Sackur,  Beiir.  m.  chem,  Physiol,  u.  Path.^  iii,  p.  193,  190a. 
»  van  Slyke  and  Hart,  loc.  cit. 

•  Timpe,  loc.  cit. 

•  J.  H.  Long,  Journ.  of  the  Amer.  Chem.  Soc.,  xxviii,  p.  37a,  1906. 
10  B^hamp,  Bull.  soc.  chitn.  (3),  xi,  p.  15a,  1894. 

t>  E.  Salkowski,  Zeitschr.  f.  BioL,  xxxvii,  p.  415,  1899. 
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I  find  that  if  a  given  concentration  of  alkali  is  "saturated" 
with  casein,  that  is,  if  it  is  shaken  up  mth  casein  for  some  time 
and  then  filtered  through  S  and  S,  589,  "black  band'*  papers,  the 
filtrate  is  always  neutral  to  litmus  or  to  cyanin.  This  is  true 
for  all  the  concentrations  of  calcitmi  hydroxide  which  I  have 
tried,  varying  between  0.0385  n  and  about  0.0005  n.  The  re- 
actions of  such  solutions  to  different  indicators  are  as  follows: 

Phenolphthalein Colorless. 

TropaDolin  000 Orange. 

Neutral  red Red. 

Cyanin Very  pale  blue. 

Congo  red Scarlet. 

corresponding  to  a  hydrion  concentration  of  10-^  n  to  cc  -'  n  * 
and  to  the  formation  of  the  neutral  calcium  caseinate.  All  at- 
tempts to  obtain  a  solution  of  calciimi  caseinate  of  higher  acidity 
after  filtration,  by  means  of  prolonged  shaking,  etc.,  failed;  a 
solution  of  calcium  hydrate,  shaken  rapidly  for  over  an  hour, 
with  excess  of  casein  by  means  of  an  electromotor,  still  gave  a 
filtrate  with  the  same  reaction,  practically  that  of  conductivity 
water,  nor  did  the  presence  of  impurities,  such  as  acetic  acid, 
affect  the  final  result  as  regards  hydrion  concentration,  at  all 
events  so  far  as  could  be  judged  by  means  of  the  indicators  used. 
Long,  in  the  paper  to  which  I  have  referred^  concluded  that  he 
had  obtained  "acid  salts'*  of  casein  containing  twice  as  much 
casein  as  the  basic  caseinates,  wherfas  the  proportion  of  the 
casein  in  the  neutral  caseinates  to  that  in  the  basic  caseinates 
is  as  three  is  to  tv^o.  The  evidence  upon  which  h^  based  his 
conclusion  was  that  he  was  able  **to  just  dissolve  the  casein  in 
exactly  half  the  alkali  required  for  the  phenolphthalein  neutral- 
ization", of  course  the  validity  of  this  conclusion  depends  upon 
our  definition  of  "solution"  which  is  necessarily  arbitrary  in 
such  a  case.  It  is  true  that  a  compound  containing  a  greater 
percentage  of  casein  than  the  neutral  caseinate  might  conceivably 
exist  in  the  suspension  and  b^  separated  out  by  the  filtration, 
but  it  srems  unlik;.ly,  especially  as  the  filters  used  are  rapid- 
filtering.    The  hydrion  concentration  of  the  suspension  before 

»H.  Friedenthal,  Zeitschr.  f,  Electrochem.,  x,  p.  113, 1904;  B.  Pels,  ibid., 
p.  208;  £.  Salm,  ibid.,  p.  341. 
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filtration,  even  after  allowing  to  settle,  cannot  be  trusted  to  give 
any  reliable  information  owing  to  the  add  reaction  of  the  sus- 
pended particles  of  uncombined  casein. 

If  *' saturation"  of  a  solution  of  calcium  hydrate  with  casein 
indicates  the  formation  of  the  neutral  caseinate,  the  amount  of 
casein  dissolved  in  a  given  volume  should  be  proportional  to  the 
concentration  of  the  calcium  hydrate.  Now  a  given  volume  of 
such  a  solution  of  calcium  caseinate  requires  the  addition  of  a 
certain  ntimber  of  cubic  centimeters  of  calcium  hydrate  solution 
to  render  it  neutral  to  phenolphthalein,  that  is,  the  total  number 
of  cubic  centimeters  of  calcium  hydrate  solution  neutralized  to 
phenolphthalein  by  the  casein  is  the  given  volume  of  the  caseinate 
solution  plus  the  number  of  cubic  centimeters  of  calcium  hydrate 
solution  which  it  is  necessary  to  add  to  reach  neutrality  to 
phenolphthalein.  Knowing  the  number  of  cubic  centimeters  of 
the  calcium  hydrate  solution  which  is  neutralized  to  phenol- 
phthalein by  one  gram  of  casein,  we  can  thus  estimate  the  percent- 
age of  casein  in  the  solution.  At  the  same  time  we  can  estimate 
the  percentage  of  casein  theoretically  on  the  assumption  that 
the  *' saturated"  solution  of  casein  in  the  given  concentration  of 
calcium  hydrate  contains  casein  only  in  the  form  of  neutral 
calcium  caseinate,  that  is,  the  compound  containing  1.57  per 
cent,   of  calcium  oxide. « 

In  the  following  table  the  two  estimates  are  compared;  the 
number  of  grams  of  casein  in  the  first  column  was  shaken  up  in 
100  c.c.  of  a  calcium  hydrate  solution  of  the  concentration  given, 
in  the  second  coltmin,  the  solution  was  then  filtered  through  S- 
and  S,  589,  *' black  band"  papers  and  titrated. 


TABLB      II. 

Concentration  of 
Ca(0H)a 

Grams  of  Casein  Dissolved  per  xoo  c.c. 

Grams  of  Casein. 

By  Titration. 

Theoretical. 

15.0 
7.5 
3.76 
1.876 

0.0387N. 

0.0188n.^ 

4.0091N. 

0.0046N. 

6.77 
3.08 
1.604 
0.788 

6.9 
3.36 
1.63 
0.802 

t  van  Slyke  and  Hart,  Amer.  Chem,  Journ.,  xxxiii,  p.  470,  1905. 
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We  are,  therefore,  I  think,  justified  in  concluding  that  the 
maximum  amount  of  casein  which  a  given  concentration  of  ccUcium 
hydroxide  will  keep  in  solution  is  that  with  which  it  will  combine 
to  form  neutral  calcium  caseinate, 

(e)     Solubility  in  Salts, 

One  gram  of  purified  casein  was  shaken  up  in  5  c.c.  of  a  normal 
solution  of  the  salt  plus  45  c.c.  of  distilled  water.  When  the  5  c.c. 
of  normal  salt  solution  was  poured  on  to  the  casein  and  allowed 
to  stand  for  about  an  hour,  if  the  salt  was  one  of  those  in  which 
the  casein  is  most  soluble,  the  casein  swelled  up  into  a  gelatinous 
mass  and  absorbed  most  of  the  fluid  (acetates,  propionates,  and 
butyrates  of  the  alkalies,  potassium  cyanide,  etc.).  In  others 
(such  as  chlorides,  nitrates,  etc.)  the  casein  remained  in  the  form 
of  discrete  particles  with  supernatant  fluid.  Those  solutions  in 
which  the  most  casein  was  dissolved  also  foamed  most  on 
shaking. 

These  solutions,  after  standing  an  hour  or  two,  were  filtered 
through  S  and  S,  589,  **  black  band "  papers,  the  casein  from  a 
known  volume  precipitated  by  yi  acetic  acid  and  estimated  in 
the  usual  way.     The  following  are  the  results: 

TABLB   III. 
Salt.  Grams  of  Casein  Dis- 

solved in  100  c.c. 

H  NaCl 0.> 

^'  Na,S04 0. 

"  NaNO, 0. 

"  KCl 0. 

"  LiNO, 0. 

"  KBr 0.188 

"  (COONa), 0.406 

"  NH  4NO , 0.461 

"  CHjCOONa 0.476 

"  NH4CNS 0.927 

"  CH,CHaCOONa 1.128 

"  CH,CH,CH,COONa 2.  or  over.* 

•*  C4H, COONa 2.  or  over. 

"  CHjCOOK 2.  or  over. 

"  KCN 2.  or  over. 

I  The  solubility  in  the  first  five  solutions  in  the  table  is  stated  to  be 
xero  because  there  was  no  perceptible  opalescence  in  the  filtrate  and  no 
precipitate,  or  at  most  a  slight  opalescence,  was  produced  by  acetic  acid. 

>  The  solubility  in  the  last  four  solutions  in  the  table  is  stated  to  be 
a.  per  cent,  or  over  because  all  the  casein  was  dissolved  or  only  a  slight 
slime  was  left  which  could  not  be  satisfactorily  separated  by  filtration 
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The  solution  in  potassium  cyanide  was  of  a  different  char- 
acter from  the  others,  being  yellower  and  more  gununy  and 
viscid. 

(/)     Solubility  in  Alkali  Plus  Salts. 

One  gram  of  purified  casein  was  shaken  up  with  25  c.c.  of 
approximately  yy^  calcium  hydrate  plus  5  c.c.  of  a  normal 
solution  of  the  salt,  and  the  volimie  made  up  to  50  c.c.  with 
distilled  water.  After  standing  for  an  hour  or  two  the  solutions 
were  filtered  through  S  and  S,  589,  "black  band**  filters  and  the 
casein  from  a  known  volume  of  the  filtrate  precipitated  by  xr 
acetic  acid  and  estimated  in  the  usual  way.  The  following  are 
the  results: 

TABLE    IV. 

Salt.  Grams  of  Casein  Dis- 

solved in  xoo  cc. 

ft  CaCl  t trace. 

No  salt 0.238 

ft  HCOONa   0.316 

•  *  Na  ,S0  4 0.361 

•*  NaCl 0.376 

"  KBr 0.421 

"  LINO, 0.436 

"  NaNO , 0.461 

"  CHjCOONa 0.641 

"  NaF 0.666 

•*•  NH  4NO , 0.666 

"  KCIO , 0.677 

"  (COONa), 0.782 

"  Sodium  propionate 2.  or  more 

"  Sodimn  butyrate 2.  "      " 

**  Potassimn  acetate 2.  "      " 

"  Sodimn  valerianate 2.  "      " 

"  KCN 2.  "      •• 


Clearly  the  solvent  powers  of  calcium  hydrate  and  the  various 
salts,  for  casein,  are  not  additive,  that  is,  the  amount  of  casein 
dissolved  by  the  two  acting  together  is  not  the  sum  of  the  amounts 
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dissolved  by  each  acting  separately,  as  it  is  in  the    case  of 
globulin  for  pairs  of  salts.  ^ 

A  liter  of  approximately  j^  calcium  hydrate  solution  was 
"sattu-ated*'  with  casein,  so  that  a  solution  of  neutral  calcium 
casein  was  obtained,  and  to  25  c.c.  of  this  were  added  5  c.c. 
of  normal  solutions  of  various  salts,  and  the  volume  made  up 
to  50  c.c.  with  distilled  water.  In  this  way  it  cotdd  be  seen  that 
fw  equally  concentrated  solutions  of  casein  the  absence  of  opalescence 
runs  parallel  with  the  solubility  of  the  casein  in  the  various  solutions. 
Thus  the  solutions  containing  no  salt,  potassium  chloride,  and 
sodium  fluoride  were  the  most  opalescent,  in  the  order  named, 
while  the  solutions  containing  potassium  acetate,  sodium  buty- 
rate,  and  potassium  cyanide  were  almost  clear. 

On  adding  calcium  chloride  to  a  solution  of  neutral  calcium 
caseinate  the  casein  is  precipitated,  as  has  been  noticed  by 
other  observers.  The  addition  of  ^  calcium  chloride  is  sufficient 
to  precipitate  practically  all  the  casein  from  50  c.c.  of  a  ^^ 
calcium  hydrate  solution  ** saturated"  with  casein,  although 
even  at  a  concentration  of  ^  calciimi  chloride,  after  filtering, 
the  filtrate  still  gives  a  slight  opalescence  with  acetic  acid. 
Presumably  this  precipitate  is  due  to  the  "salting  out"  of 
the  calcium  caseinate,  using  the  term  ** salting  out"  as 
synonymous  with  precipitation  due  to  a  common  ion.  The 
casein  was  not  precipitated  by  any  of  the  other  salts  in  the 
concentrations  tried. 

__       (g)     Reactions  of  Solutions  of  Casein  to  hidicators. 

One  liter  of  t^t  sodium  hydrate  was  "saturated"  with  casein 
and  filtered  through  glass  wool ;  to  this,  one  liter  of  -^  sodium 
..-  hydroxide  was  added  and  the  resulting  alkaline  solution  filtered 
through  paper.  To  25  c.c.  of  this  solution  var)dng  amounts  of 
■rV  hydrochloric  acid  were  added  and  water  added  to  bring  up 
the  total  volume  to  50  c.c.  The  proportions  of  indicator  to 
solution  used  were  the  same  as  those  used  by  Salm.^  The  fol- 
lowing is  a  table  of  the  results  obtained: 

«  W.  B.  Hardy,  Joum.  of  Physiol.,  xxxiii,  p.  313,  1905. 
>  £.  Salm,  Zeitschr.  /.  Electrochem.,  x,  p.  341,  1904. 
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In  order  to  test  the  influence  of  salts  upon  the  hydrion  con- 
centration in  solutions  of  neutral  calcium  caseinate,  a  solution  of 
approximately  jij^  calcium  hydrate  was  ** saturated"  with 
casein  and  filtered  through  paper.  To  25  c.c.  of  this  solution 
5  c.c.  of  a  normal  solution  of  the  salt  were  added  and  water 
to  make  up  the  volume  to  50  c.c.  The  same  proportion  of 
indicator  to  solution  tested  was  used  as  in  the  previous  experi- 
ments, namely,  o.i  c.c.  of  a  i^^  solution  of  the  indicator  to 
10  c.c.  of  the  solution.     The  following  are  the  results  obtained: 


TABLE  VI. 

Salt. 

Congo 
Red. 

Cyanin. 

Neutral 
Red. 

TropsBolin 
000. 

Phenol- 
phthalein. 

Ch*- 

No  Hat 

-Nirfa 

•'  NaNO, 

••  LiNO, 
"  KBr 
••  FejCl, 

-  (COONa), 
"  NH4NO, 

'•  KCIO, 

**  Sodium 

fonnate 
"  CH.COONa 
••  NBTiCNS 
••  Sodhim 

propionate 
*'  Sodium  butyrate 
••  NaP 
*'  Potassium 

acetate 
••  KCN 

•carlet 
«• 

M 
<« 
« 

f« 
f« 

brown 

Ppt. 

aoarlet 
« 

« 

« 
t< 

M 
« 
it 

<« 

very  pale 

blue 
violet  blue 

pale  blue 

<• 
** 

colorless 

violet  blue 

very  pale 

blue 
<« 

pale  blue 

« 

blue  violet 
pale  blue 

violet  blue 

pale  blue 

violet  blue 

blue 
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« 

« 
« 
«< 

<i 
<i 
<* 

It 
« 

« 

« 
« 

red  orange 
orange 

orange 
•* 

*< 
« 

« 
« 

reddish 
orange 
orange 

u 

it 
it 

« 
<i 
<i 

« 
« 
•< 

« 
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i« 

•( 

u 
« 

1* 
« 
« 

« 
ft 

«« 
« 

« 
« 
u 

« 
f< 
<« 

« 

10- »    to    10-*N 
ia-«  to  10-»N 

ia-»N 

10-»N 
10-T  to  10-«N 

10-T  tolO-«N 
10-T  to  10-«N 
10- »  to  10-«N 

10-«  to  10  »N 
10-T  to  10  AN 

10-»  to  10-«N 
10-»N 

10-»N 

10-«  to  lO'N 

10-»N 

iQr.«  to  10-»N 
10- »N 
10- tN 

10-»  to  10^  tN 

III.   HYDROLYSIS  OP  CASBIN  BY  TRYPSIN. 

(a)  Some  Chemical  Properties  of  Trypsin. 

The  trypsin  used  throughout  these  experiments  was  tnat 
prepared  by  Grubler  according  to  the  directions  of  Spateholtz, 
which  was  very  kindly  supplied  to  me  by  Dr.  A.  E.  Taylor  and 
was  the  same  as  that  which  he  used  in  his  experiments  on  the 
hydrolysis  of  protamine.* 


1  See  A.  £.  Taylor,  Univ.  of  Calif.  Pub.,  Pathol.,  i,  p.  7,  1904. 
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It  is  a  pure  but  not  very  active  product,  failing  to  give  the 
biuret  reaction  in  one  per  cent,  solution,  while  the  ash  amounts 
to  only  .02  per  cent.  (Taylor).  If  one  drop  of  a  saturated  solution 
of  safranin  (Grubler)  be  added  to  from  5  to  10  c.c.  of  a  neutral 
or  very  faintly  alkaline  0.5  per  cent,  solution  of  trypsin  (neutral- 
ized by  -^  calcium  hydroxide),  a  light,  flocculent,  colored  precip- 
itate slowly  appears  on  standing  and  gradually  settles. 
Evidently,  in  these  solutions,  the  trypsin  is  acting  as  an  acid 
and  combines  with  the  color-base,  safranin,  to  form  an  insoluble 
salt.^  Confirmatory  evidence  is  not  far  to  seek.  Trypsin,  in 
solution,  has  a  distinctly  acid  reaction;  measured  by  the  gas- 
chain,  according  to  Taylor,  a  one  per  cent,  solution  in  carbonic- 
acid-free  water  has  a  hydrogen  ion  concentration  of  TiTff'  I 
find  that  0.5  gram  of  trypsin  dissolved  in  100  c.c.  of  water  (not 
free  from  carbon  dioxide)  requires  the  addition  of  2.8  c.c.  of  f^ 
calcium  hydrate  to  render  the  solution  neutral  to  rosolic  acid, 
that  is,  to  bring  down  the  hydrion  concentration  to  from  lo-^N 
to  io"^N.2 

In  addition,  Bayliss^  has  recently  shown  that  trypsin,  in 
solution,  migrates  to  the  anode  under  the  influence  of  an  electric 
current,  as  would  be  expected  were  trypsin  predominantly  acid 
in  character,  the  colloidal  ion  being  an  anion.* 

The  hydrolysis  of  trypsin  itself  in  acid,  alkaline,  and  even 
neutral  solutions  at  various  temperatures,  the  influence  of  the 
activity  of  the  trypsin  preparation  upon  its  rate  of  destruction, 
and  the  influence  of  proteins,  etc.,  in  retarding  the  destruc- 
tion have  been  very  carefully  dealt  with  by  Vernon,  ^  and  addi- 
tional points  have  been  brought  out  by  Bayliss  and  Starling,^ 

»  See  A.  P.  Mathews,  Atner,  Joum.  of  Physiol,,  i,  p.  445,  1898.     Ehr- 

lich,  Farbenanalytische   Uniersuchungen  eur  Histologie  und  Klinik  des 

Blutes,  Berlin,   1891.      Gustav    Mann,   Physiological  Histology,  Oxford, 

1902,  p.  330,  et  seq.\  Chemistry  of  the  Proteids,  1906,  p.  225.    Robertson, 

this  Journal,  i,  p.  279,  1906. 
>  E.  Salm,  loc.  cit, 

•W.  M.  Bayliss,  Biochem.  Joum.,  i,  p.  225,  1906. 

♦  Picton  and  Linder,  Joum,  Chem.  Soc,  Ixxi,  p.  568,  1897.  J.  Loeb, 
Univ,  of  Calif.  Pub.,  Physiol.,  i,  p.  149,  1904. 

» Vemon,  Joum.  of  Physiol.,  xxvi,  p.  405,  1901 ;  xxviii,  p.  386,  1902 ; 
xxxi,  p.  346,  1904. 

•  Bayliss  and  Starling,  ibid.,  xxx,  p.  6x,  1903. 
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Bayliss,^  and  Taylor .2  Taylor  finds  that  the  optimum  alkalinity, 
at  which  the  action  of  trypsin  is  most  intense,  lies  within  very 
narrow  limits — from  ytxz  to  jAirt  using  protamine  sulphate  as 
substrate. 

On  dissolving  the  trypsin  in  water  a  small  insoluble  residue 
was  always  left.  Taylor  finds  that  filtration  deprives  the  solution 
of  a  portion  of  its  activity  but  secures  much  more  constant 
results.  Bayliss,  on  the  contrary,  states  that  filtration  of 
Grubler*s  trypsin  does  not  diminish  the  activity  of  the  solution 
and  concludes  that  the  insoluble  residue  is  not  trypsin.  In  my 
experiments  filtered  solutions  were  used  throughout. 


(6)  The  Autohydrolysis  of  the  CaseinoUes, 


It  is  a  fact  of  considerable  importance,  and  one  upon  which 
I  do  not  think  sufficient  stress  has  been  laid  by  previous  ob- 
servers, that  the  neutral  caseinates  undergo  fairly  rapid  auto- 
hydrolysis in  solution.  It  will  be  remembered  that  solutions  of 
the  neutral  caseinates  are  practically,  if  not  absolutely,  neutral 
in  reaction,  so  that  this  fairly  rapid  hydrolysis  is  not  merely  due 
to  the  acceleration  of  the  autohydrolysis  by  excess  of  hydrogen 
or  hydroxyl  ions.  In  several  of  the  sets  of  experiments  upon 
the  hydrolysis  of  casein  by  trypsin,  controls  were  made  in  which 
the  solution  of  the  substrate  alone  was  allowed  to  digest  for  a 
given  time  and  the  amoimt  of  casein  remaining  in  the  solution 
afterwards  determined;  in  this  way  several  determinations  of 
the  velocity  constant  of  the  autohydrolysis  were  made,  which, 
although  not  usually  obtained  imder  strictly  comparable  condi- 
tions of  temperature,  etc.,  nevertheless  serve  to  give  a  general 
idea  of  the  magnitude  and  variations  of  the  autohydrolysis. 
The  following  table  is  a  summary  of  the  results  obtained  in  this 
wav: 


«  Bayliss,  Arch,  des  set.  hiol.  (St.  Petersbtirg),  xi,  Suppl.,  p.  261,  1904, 
reprinted  in  the  Collected  Papers  of  the  University  College  Physiological 
Laboratory,  London,  Vol.  xiii. 

'  A.  E.  Taylor,  Univ,  of  Calif.  Pub.,  Pathol.,  i,  p.  7,  1904. 
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TABLE    VII. 


Bigr.of 

Time  of 

Kgr.of 

Lo8»o,!. 

AlkaU  "  Saturated" 

Casein 

Digestion 
in  Hours. 

Temper- 

Casein 

with  Casein. 

Initially 

ature. 

Digested. 

Divided  by 

in  Digest. 

Time  in  Hours. 

Approx. : 

-    xAijCaCOH), 

143 

3 

36.6^ 

16 

17     X10-* 

"    TArrCaCOH), 

172 

3 

37« 

16 

14     X10-* 

*•    TftirCa(OH), 

165 

3 

37« 

19 

17     X10-* 

-    Ti%Ca(OH), 

168 

3 

37« 

16 

14.6  X 10-* 

•*    Ti{WCa(OH), 

218 

3 

36.5^ 

24 

17    X10-* 

"     ,5^  Ca(OH), 

326 

3 

37^ 

32 

15    X10-* 

These  experiments  were  all  carried  out  with  the  unpurified 
casein  as  substrate.  Thinking  that  possibly  the  small  quantity 
of  acetanions  thus  introduced  might  be  in  part  responsible  for 
this  somewhat  rapid  hydrolysis,  I  carried  out  some  special  experi- 
ments with  the  purified  casein.  Three  determinations  of  the 
initial  substrate  concentration  were  made,  with  identical  results, 
while  the  figures  representing  the  amount  digested  are  the 
averages  of  two  determinations.  The  voltime  of  each  of  the 
digests  was  200  c.c,  and  a  few  c.c.  of  normal  sodium  chloride 
were  added,  just  before  the  acetic  acid,  to  facilitate  precipitation. 


TABLE    VIII. 


Alkali  "Saturated  ' 
with  Casein. 

Kgr.  of 

Casein 

Initially 

in  Digest. 

Time  of 
Digestion 
in  Hours. 

Temper- 
ature. 

Kgr.  of 

Casein 

Digested. 

Log,o^. 

Divided  by 
lime  in  Hours. 

Approx.: 

"    y^"inrCa(OH), 
"    TAfCa(OH), 

114 
171 

12 
12 

38^ 
38« 

33 
57 

12X10-* 
15X10-* 

It  will  be  seen  that  these  results  are  in  fair  accord  with  those 
obtained  with  the  unpurified  casein,  and  we  must  conclude  that 
neutral  calcium  caseinate  in  watery  solution  tmdergoes  fairly  rapid 
hydrolysis,  one  third  of  the  substrate  being  hydrolyzed  in  twelve 
hours.  I  have  also  observed  that  neutral  soditim  caseinate  under- 
goes a  similar  hydrolysis  in  watery  solution,  but  I  have  not 
determined  the  actual  value  of  the  velocity-constant. 
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The  hydrolysis  of  neutral  caseinates  by  trypsin,  therefore, 
affords  an  unusually  favorable  example,  among  protein  reactions, 
of  the  action  of  an  enzyme  in  accelerating  an  already  existing 
reaction.  While,  of  cotirse,  in  every  case  of  true  catalysis — ^that 
is,  in  every  reaction  in  which  the  accelerating  substance  under- 
goes no  diminution  during  the  reaction  (or  in  other  words  does 
no  work)  the  catalysor  can  only  accelerate  a  previously  existing 
reaction^  (for  otherwise  work  would  be  gained  without  expenditure 
of  energy),  yet  in  protein  hydrolyses the  nattiral  rate  of  hydroly- 
sis is  not  xisually  so  great,^  while  the  acceleration  produced  by 
trypsin  is  much  greater,  so  that  the  fact  does  not  stand  out  so 
clearly. 

(c)  Influence  of  the  Concentration  of  Trypsin  upon  the  Velocity 

of  Hydrolysis. 

The  older  investigators  generally  failed  to  find  a  direct  pro- 
portionality between  the  velocity  of  protein  hydrolysis  and  the 
concentrations  of  the  ferment.  According  to  Bredig,^  Mayer, 
Bnicke,  Maly,  Ellenberger,  and  Hofmeister  found  that  the 
velocity  of  hydrolysis  by  pepsin  was  not  proportional  to  the 
mass  of  pepsin  but  that  the  velocity  increased  more  slowly  than 
the  mass  of  the  ferment,  so  that  when  a  small  additional  mass  of 
ferment  was  added  to  a  large  mass  already  present  the  velocity 
of  hydrolysis  was  not  perceptibly  increased.  E.  Schutz* 
stated  that  the  velocity  of  peptic  digestion  of  fibrin  was  pro- 
portional to  the  square  root  of  the  mass  of  the  ferment,  and 
Borissoff  ^  found  that  the  same  rule  held  good  for  the  digestion 
of  coagulated  egg-albumin  by  trypsin.     Pawlow  and  Walther^ 

«  W.  Ostwald,  Lehrhuch  der  aUgemeine  Chemie,  ii,  Part  a,  p.  248,  1902. 

*  See,  for  example,  A.  E.  Taylor,  Univ.  of  Calif.  Pub.,  Pathol. ,  i,  p.  49, 
1904. 

*  Bredig,  Ergebnisse  der  Physiologies  i,  i,  p.  134,  190a. 

«  E.  Schiitz,  Zeitschr.  f.  physiol.  Chem.,  ix,  p.  577,  1895. 
»  Borissoff,  Thesis,  St.  Petersburg,  1891,  quoted  after  Vernon,  Journ. 
of  Physiol.^  xxvi,  p.  405,  1901. 

*  Pawlow-Walther, i4r6w7  der  Verdauungsdrilsen,  Wiesbaden,  1898,  p.  34. 
quoted  after  Bredig,  loc.  cit. 

Walther,  Arch,  des  sci.  hiol.,  vii,  p.  15,  1899. 
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found  this  rule  to  hold  good  for  tryptic  digestion.  SamojilofI  ^ 
found  that  the  velocity  of  tryptic  digestion  was  only  proportional 
to  the  square  root  of  the  ferment  concentration  in  dilute  solutions 
of  ferment;  in  more  concentrated  solutions  he  found  that  the 
velocity  was  less  than  that  required  by  this  rule,  while  J.  Schutz^ 
found  that  the  rule  held  good  for  the  digestion  of  albumin  by 
trypsin  and  Vernon^  confirmed  it  for  the  tryptic  digestion  of 
swollen  fibrin. 

In  the  majority  of  these  investigations  the  manner  of  con- 
ducting the  experiments  was  such  that  the  processes  of  solution, 
diffusion,  and  hydrolysis  were  confused,  so  that  the  quantities 
measured  bore  no  necessary  physico-chemical  relation  to  the 
velocity  of  hydrolysis.  The  inaccuracies  dependent  upon  the 
use  of  solid  protein  and  particularly  of  Mett's  method  have  been 
dealt  with  by  Taylor,*  who  has  drawn  attention  to  the  fact  that 
the  velocities  of  diffusion  and  of  solution  both  play  a  part  in 
determining  the  results  obtained  by  these  methods.  Moreover, 
in  the  majority  of  cases,  no  precautions  were  taken  to  control  the 
alkaUnity  of  the  digests,  and  the  alkalinity,  when  alluded  to,  is 
usually  somewhat  vaguely  expressed  in  terms  of  the  concentration 
of  sodium  carbonate,  without  mention  of  the  concentration  of 
carbon  dioxide  already  present  in  the  digest.  With  indeter- 
minate and  possibly  var3ring  alkalinity,  with  continual  destruc- 
tion of  the  ferment  by  the  most  tmnecessarily  high  alkalinities 
used,^  and  the  use  as  a  measure  of  the  velocity  of  hydrolysis  of  a 
quantity  involving  other  and  quite  diflEerent  factors,  it  is  not 
surprising  that  relations  between  ferment  concentration  and 
velocity  of  hydrolysis  were  found  which  did  not  readily  admit 
of  physico-chemical  interpretation,  although  Hofmeister^  en- 
deavored to  account  for  the  Schutz  rule  by  the  dissociation  of 
the  ferment  according  to  the  dilution-law. 

More  recent  investigators,  working  with  more  refined  methods 
tmder  more  exactly  controlled  and  defined  conditions,  agree  in 

*  Samojiloff,  ibid.,  ii,  p.  699. 

2  J.  Schtitz,  Zeitschr.  f.  physiol.  Chem.^  xxx,  p.  i,  1900. 

*  Vernon,  Journ.  of  Physiol.,  xxvi,  p.  405,  1901. 

*  A.  E.  Taylor,  Univ.  of  Calif.  Pub  ,  Pathol.,  i,  p.  7,  1904. 

*  See  Vernon,  loc.  cit. 

*  Hofmeister,  quoted  after  Bredig,  loc,  cit. 
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stating  that  within  certain  limits  of  substrate  and  hydrion 
concentration,  temperature,  etc.,  the  velocity  of  protein  hydroly- 
sis is  directly  proportional  to  the  mass  of  the  ferment,  as  wotild 
be  expected  if  the  enzyme  acted  upon  the  substrate  through  the 
formation  of  an  intermediate  compound  which  breaks  down, 
regenerating  the  ferment.  This  has  been  shown  to  hold  good 
for  pepsin  by  Sj6qvist*  and  by  Sawjalow,^  for  trypsin  by  V. 
Henri  and  Larguier  des  Bancels,^  working  with  gelatin  as 
substrate,  by  A.  E.  Taylor*  working  with  protamine  as  substrate, 
and  by  Bayliss,*  working  with  casein  as  substrate,  and  for 
erepsin  by  Vernon.^ 

In  the  experiments  upon  trypsin,  V.  Henri  and  Larguier  des 
Bancels  and  Bayliss  used  the  increase  in  electrical  conductivity 
as  a  measure  of  the  amount  of  substrate  digested,  while  Taylor 
used  a  direct  method,  namely,  that  of  measuring  the  time  which 
elapses  until  the  solution  of  protamine  sulphate  ceases  to  give 
a  precipitate  with  acidulated  alcohol. 

The  direct  proportionality  does  not  hold  good  with  exactitude 
at  high  substrate  concentration  (Taylor),  at  a  sufficiently  high 
hydroxidion  concentration  to  destroy  an  appreciable  amount  of 
the  ferment  in  the  time  occupied  by  digestion,  or  in  the  later 
stages  of  the  reaction  (Bayliss). 

The  exact  and  extensive  investigations  to  which  I  have 
referred  really  suffice  to  establish  the  law  of  direct  proportion- 
ality, under  optimal  conditions,  for  the  substrates  employed. 
In  Bayliss'  experiments  with  casein,  however,  the  amount 
digested  is  measured  indirectly  by  means  of  the  increase  in 
conductivity,  involving  the  asstmiption  that  the  increase  in 
conductivity  is  proportional  to  the  amount  digested,  so  that  it 
appeared  to  me  that  it  would  be  satisfactory  to  repeat  the 

«  Sj6qvist,  Skand.  Arch.  f.  Physiol.^  v,  p.  277,  1895. 

«  Sawjalow,  Zeitschr.  f.  physiol,  Chem.,  xlvi,  p.  307,  1905. 

•  V.  Henri  and  Larguier  des  Bancels,  Compt.  rend,  de  I' Acad,  des  set., 
cxxxvi,  pp.  1099  and  1581,  1903. 

«  A.  E.  Taylor,  loc.  cit. 

I  Bayliss,  Arch,  des  set.  bioL,  xi,  Suppl.,  p.  a6i,  1904;  reprinted  in  the 
Collected  Papers  of  the  Ph3rsiological  Laboratory,  University  College, 
London,  Vol.  xiii. 

•  Vernon,  Journ,  of  Physiol.,  xxx,  p.  334,  1903. 
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experiments,  using  the  direct  method  of  estimation  which  I  have 
described.  Moreover,  I  was  unable  to  find  in  the  literature  any 
statement  as  to  whether  the  valency  of  the  cation  of  the  alkali 
combined  with  the  casein  influenced  the  relation  between  the 
velocity  of  digestion  and  the  concentration  of  the  trypsin,  a 
point  which,  for  theoretical  reasons,  it  appeared  to  me  advisable 
to  settle.  In  all  cases  the  neutral  calcium  caseinate  was  em- 
ployed as  substrate,  so  that  the  reaction  of  the  digest  initially 
was  practically  that  of  conductivity  water.  The  digestions  were 
carried  out  in  air-tight  flasks  so  that  no  carbon  dioxide  could 
enter  except  the  trifling  amount  already  present  in  the  air  in  the 
flask.  As  I  will  show  later  on,  the  hvdrion  concentration  does 
not  alter  perceptibly  in  an  initially  neutral  digest  as  digestion 
proceeds,  at  least  for  the  periods  in  question,  although  the 
reactions  of  initially  acid  or  alkaline  digests  tend  to  neutrality 
as  digestion  proceeds.  Thus  no  appreciable  error  was  introduced 
in  these  experiments  on  account  of  varying  hydrion  or  hydrox- 
idion  concentration.  The  substrate  used  by  Bayliss  was  sodium 
caseinate,  so  I  confined  my  experiments  in  this  direction  to 
calcitun  and  barium  caseinates.  The  digests  were  all  carried 
out  in  Erlenmeyer  flasks  of  500  c.c.  capacity;  these  flasks  had 
initially  been  washed  with  strong  sulphuric  acid  and  thoroughly 
rinsed  out  and  then  stood  in  several  changes  of  tap- water  for 
over  a  fortnight  to  get  rid  of  the  last  traces  of  sulphuric  acid; 
they  were  then  rinsed  again  several  times  with  tap-  and  finally 
distilled  "water:  the  same  flasks  were  used  throughout  in  the 
digestion  experiments,  being  thoroughly  washed  out  after  each 
set  of  experiments  and  stood  for  at  least  twelve  hours  in  tap- 
water  before  beginning  a  fresh  set,  in  order  to  allow  bacterial 
digestion  to  get  rid  of  any  last  traces  of  protein  material  which 
might  possibly  remain  adhering  to  the  glass;  they  were  then 
rinsed  in  tap-  and  distilled  water  as  before.  The  flasks  were 
closed  with  rubber  stoppers  which  had  been  boiled  and  finally 
steamed  for  several  hours  and  then  washed  in  tap-  and  distilled 
water;  these  stoppers  always  stood  under  water  between  digests 
and  were  washed  in  distilled  water  just  before  use.  Such 
precautions  were  found  to  be  necessary  by  Taylor,  the  slightest 
cause,  such  as  the  use  of  vulcanized  rubber  for  stoppers,  ex- 
cessively delajring  the  reaction.     Toluene  (Kahlbamn)  was  used 
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to  keep  the  digress  sterile  as  this  has  a  negligible  influence  on 
the  velocity  of  the  reaction  for  short  experiments.^  The  casein 
used  was  not  purified,  but  the  slight  trace  of  acetanions  pres- 
ent, as  we  have  seen,  does  not  appreciably  alter  the  reaction 
of  the  solution  of  the  neutral  caseinate  or  the  velocity  of  auto- 
hydrolysis. 

Experiment  i. — ^Ten  grams  of  casein  were  shaken  up  in  five 
liters  of  approximately  -YinnF  Ca(0H)2,  the  suspension  was 
filtered  once  through  glass  wool  and  then  once  through  paper.^ 
Five  c.c.  of  toluene  were  added,  the  mixture  shaken,  and  200  c.c. 
measured  out  into  each  flask.  A  0.05  per  cent,  solution  of  the 
trypsin  was  made  up  and  filtered  through  S  and  S,  589,  "black 
band'*  filter-paper  and  0.5,  i,  2,  3,  and  4  c.c.  of  this 
solution  added  to  the  digests.  The  experiments  were 
done  in  duplicate.  The  amotmt  of  casein  initially  in  200 
c.c.  was  determined  in  the  usual  way  and  fotind  to  be 
0.218  grams.  The  digestion  was  carried  out  at  36.5°  C. 
for  three  hours,  at  the  end  of  which  time  the  casein  in 
all  the  digests  was  precipitated  by  acetic  acid  and  estimated  as 
usual. 

If  the  law,  log  i^i  -  Kt,  for  a  monomolecular  reaction,  holds 
good  and  K  is  proportional  to  the  concentration  of  the  ferment, 
we  should,  after  a  given  interval  of  time,  find  log  ;zi  proportional 
to  the  number  of  cubic  centimeters  of  trypsin  solution  which  had 
been  initially  added  to  the  digest,  a  lieing  the  initial  concentra- 
tion of  the  substrate  and  x  the  amount  of  casein  digested  in  the 
given  interval  of  time,  provided,  that  is,  that  the  ferment  did 
not  decay  to  an  appreciable  extent  during  the  digestion  and  that, 
at  the  interval  of  time  chosen,  the  products  of  the  reaction  were 
not  yet  present  in  sufficient  amount  to  appreciably  depress 
thcivelocity  of  the  reaction.  The  following  were  the  results 
obtained: 


1  Bayliss,  loc.  cit.  Kaufmann,  Zeitschr,  f,  physiol,  Chem.,  xxxix,  p.  459, 
1903. 

>  If  filtered  in  the  first  place  through  paper  the  filtration  is  slow.  If 
filtered  only  through  lightly  packed  glass  wool  the  separation  of  the  un- 
dissolved particles  is  apt  to  be  incomplete.  Time  is  saved  by  the  double 
procedure  outlined  above. 
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TABLE    IX 


C.C.  of  Trypsin 
Solution. 

Milligrams  of 
Casein  Digested. 

Logio._, 

^^'^^Oa.,  Divided  by 
Number  of  c.c.  of 
Trypsm  Solution. 

0.5 
1 
2 
3 

4 

16 
32 
54 
78 
101 

.033105 
.068943 
.123612 
.192328 
.270270 

66     X      10-* 
69      X      10-* 

63  X     10-* 

64  X     10-* 
67.5  X     10-* 

The  figures  in  the  second  column  are  each  the  average  of  two 
determinations.  The  figures  in  the  last  column  are  approxi- 
mately constant,  so  that  we  may  conclude  that  at  this  substrate 
concentration  the  velocity  of  hydrolysis  at  any  instant  is 
directly  proportional  to  the  concentration  of  the  trypsin. 

Experiment  2, — Procedure  precisely  as  in  last  experiment 
except  that  ^w  calciimi  hydrate  was  used  in  place  of  yinnr 
calcium  hydrate  ** saturated"  with  casein;  the  concentrations 
of  ferment  used  were  i,  2,  3,  4,  and  5  c.c.  of  a  0.05  per  cent, 
solution.  The  initial  amount  of  casein  in  each  digest  (volmne 
200  c.c.)  was  320  milligrams,  this  being  the  mean  of  three 
determinations.  The  digestion  was  carried  out  at  36®  Q.  for 
three  hotirs.     The  following  were  the  experimental  results: 

TABLE   x 


c.c.  of  Trypsin 
Solution. 

MiUigrmmsof 
Casein  Digested. 

I^ioj^ 

^^>0a-.  Divided  by 
Ntmiber  of  c.c.  of 
Trypsin  Solution. 

1 
2 
3 
4 
5 

46 

68 

107 

130 

178 

.067399 
.103749 
.176770 
.226396 
.352862 

67      X      10-* 
52     X      10-* 
69     X     10-* 
56.5  X     10-* 
70.5  X     10-* 

The  figures  in  the  second  column  are  each  the  mean  of  three 
determinations,  except  the  second  and  the  fifth,  each  of  which 
is  based  on  one  determination  only.  The  figures  in  the  last 
column  are  again  fairly  constant,  so  that  at  this  substrate  con- 
centration also  the  rapidity  of  digestion  is  proportional  to  the 
concentration  of  the  ferment.  Moreover  the  constant  is  prac- 
tically the  same  in  the  two  cases ;  the  values  in  this  experiment 
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are  as  a  rule  slightly  lower  than  in  the  last  but  the  difference  of 
0.5°  in  temperature  would  account  for  part  of  this  difference. 

Experiment  3, — Precisely  as  in  the  two  previous  experiments 
except  that  jj^j-  barimn  hydrate  was  used  in  place  of  calcium 
hydrate  ** saturated"  with  casein.  The  concentrations  of 
ferment  used  were  i,  1.5,  2,  2.5,  3,  and  5  c.c.  of  a  0.05  per  cent, 
solution  in  digests  of  200  c.c.  volimie.  The  initial  amount  of 
casein  in  each  digest  was  238  milligrams  (the  mean  of  two  de- 
terminations). The  digestion  was  carried  out  at  35.5°  C.  for 
three  hours.     The  following  are  the  experimental  results: 

TABLE    XI 


c.c.  of  Trypsin 
Solution. 

Bfillifframs  of 
Caaein  Digested. 

Logio^-., 

^-^^Oa-x  Divided  by 
Number  of  c.c.  of 
Trypsin  Solution. 

1 

1.5 

2 

2.5 

3 

5 

20 
28 
39 
46 
52 
93 

.038121 
.054358 
.077724 
.093276 
.107064 
.215209 

38  X      10-^ 

36  X      10-* 

39  X      10-* 

37  X      10-* 
36      X      10-* 
43      X      10-* 

The  figures  in  the  second  column  are  the  averages  of  two 
determinations  each  except  the  last,  in  which  case  only  one 
determination  was  made.  It  will  be  seen  that,  as  in  the  other 
two  experiments,  the  figures  in  the  last  column  are  constant, 
so  that  the  velocity  of  hydrolysis  is  proportional  to  the  concentra- 
tion of  the  trypsin.  In  this  case  the  constant  is  only  two-thirds 
the  magnitude  of  the  constant  for  calcium  caseinate,  showing 
that  barium  caseinate  is  only  digested  with  about  two  thirds 
the  rapidity  at  which  an  equivalent  concentration  of  calcium 
caseinate  is  digested  under  sin:iilar  conditions.  It  should  be  noted, 
however,  that  the  temperature  in  this  experiment  was  1°  lower 
than  in  Experiment  i,  so  that  at  least  10  per  cent,  of  their  value 
should  be  added  to  each  of  the  figures  in  the  last  column  of  Table 
XI  in  order  to  compare  with  those  in  the  last  column  of  Table  IX. 

Experiment  4. — Procediu^  precisely  as  in  the  previous  experi- 
ments, except  that  j^  calcium  hydrate  ** saturated"  with 
casein  was  used.  The  concentrations  of  ferment  used  were  i, 
2,  4,  and  6  c.c.  of  a  o.i  per  cent,  solution.     The  initial  amount 
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of  calciiim  caseinate  in  each  digest  was  431  milligrams.  The 
digestion  was  carried  out  at  36°  C.  for  three  hotirs.  The  following 
are  the  experimental  results: 


TABLE    XII 


C.C.  of  Trypsin 
Solution. 

Milli^ams  of 
Casein  Digested. 

Logtoa-, 

^-<«»0a-.  Divided  by 
Number  of  c.c.  of 
Trypsin  Solution. 

1 
2 
4 
6 

49 
109 
232 
336 

.052414 
.126621 
.335624 
.656753 

52      X      10-' 

63      X      10-' 

84      X      10-' 

109      X      10-' 

The  figures  in  the  second  column  are  based  on  one  determina- 
tion each.  It  will  be  observed  that  the  figures  in  the  last  column 
depart  widely  from  a  constant  value ;  in  fact  if  we  denote  the 
ratio  of  log  ir^  to  the  number  of  c.c.  of  ferment  solution  by  y  we 
find  that  :v=4i  +  ii/  where  /  is  the  concentration  of  the  ferment. 
Comparing  the  observed  values  with  those  calculated  from  the 
above  formula,  we  have: 


C.C.  of  Trypsin 

1 

2 

4 

6 

y  (calculated) 

62 

63 

85 

107 

y  (observed) 

52 

63 

84 

109 

Hence  at  this  substrate  concentration  the  velocity  of  digestion: 
was  proportional  to  41/+11/'  where  /  is  the  ferment  con- 
centration. 

The  theoretical  bearings  of  this  formula  will  be  discussed 
later,  but  meanwhile  we  may  point  out  the  analogy  with  the 
formula  fotmd  by  Arrhenius^  connecting  the  velocity  of  the 
hydrolysis  of  sugar  with  the  hydrion  concentration  ai  high- 
concentrations  of  acid, 

(d)  Relation  between  the  Amount  Hydrolysed  and  the 
Time  of  Hydrolysis  by  Trypsin. 

V.  Henri  and  Larguier  des  Bancels^  found  that  the  formula, 
for  a  monomolecular  reaction,  log  ;^  -  Kt,  where  a  is  the  initial 

>  Arrhenius,  Zeitschr.  f.  physikal,  Chem.^  iv,  p.  244,  1889. 
»  V.  Henri  and  Larguier  des  Bancels,  CompU  rend,  de  VAcad.  des  sci.^ 
exxxvi,  pp.  Z099,  1581,  Z903. 
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substrate  concentration,  x  is  the  amount  digested,  and  /  is  the 
time,  expressed  the  rate  of  hydrolysis  of  gelatin  by  trypsin, 
and  Bayliss^  confirmed  this  formula  for  the  earlier  stages  of 
the  digestion  of  sodium  caseinate,  while  in  the  later  stages  the 
reaction  was  delayed,  either  owing  to  the  accumulation  of  the 
products  of  hydrolysis  or  else  to  the  gradual  decay  of  the  trypsin. 
Both  Henri  and  Larguier  des  Bancels  and  Bayliss  used  the 
conductivity  method. 

In  connection  with  other  experiments  I  made  a  few  observa- 
tions on  the  relation  between  the  time  of  hydrolysis  and  its 
extent.  A  solution  of  approximately  -^^  calcium  hydrate 
was  ** saturated"  with  casein  and  50  c.c.  placed  in  Erlenmeyer 
flasks  of  100  c.c.  capacity  which  had  been  well  steamed  and  were 
tightly  closed  with  rubber  stoppers  which  had  also  been  well 
steamed  and  boiled.  One  twentieth  of  a  cubic  centimeter 
of  toluol  was  added  to  each  flask,  i  c.c.  of  a  0.025  P^r  cent, 
solution  of  trypsin  added,  and  the  solutions  digested  at  37.5*' d: 
.25®.  The  initial  amount  of  casein  in  50  c.c.  was  132  milligrams. 
The  following  were  the  results  obtained: 


TABLE   XIII 

Time  in  Hotirs. 

Milligrams  of 
Casein  Digested. 

Logio.., 

^^«o«-x  Divided 
by  Time  in  Houra. 

1.5 
3 

4.5 
6 

15 
27 
32 
46 

.052388 
.099385 
.120574 
.186076 

35X10-* 
33X10-* 
27X10-* 
31X10-* 

The  figures  in  the  second  column  are  each  the  mean  of  two 
determinations.  The  results  are  in  fair  accord  with  the  formula 
log^-Kt,  values  for  the  quotient  of  logjzi  by  the  time 
remaining  practically  constant.  These  figures,  however,  only 
represent  the  course  of  digestion  in  the  early  stages,  as  only 
about  one-third  of  the  total  casein  present  had  been  digested 
when  the  observations  were  discontinued. 


>  Bayliss,  loc,  cit. 
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(e)  The  Influence  of  Salts  upon  the  Hydrolysis  of  Casein  by 

Trypsin. 

A  large  number  of  investigations  have  been  published  on  the 
influence  of  dissolved  substances  upon  the  action  of  trypsin,  but 
since  the  majority  of  these  investigations  appear  to  have  been 
carried  out  under  the  impression,  which  at  one  time  prevailed 
among  biologists,  that  solutions  containing  equal  percentages  of 
the  various  substances  studied  were  solutions  of  comparable 
concentration,  and  since,  as  we  shall  see,  the  influence  which  a 
salt  exerts  upon  the  rate  of  hydrolysis  by  trypsin  bears  no 
simple  relation  to  its  concentration,  the  results  obtained  by  these 
observers  afford  few  or  no  data  regarding  the  comparative 
efficiency  of  salts,  etc.,  in  accelerating  or  retarding  the  hydrolysis. 

According  to  Oppenheimer,^  the  first  to  systematically  study 
the  action  of  ** neutral  salts*'  upon  the  action  of  trypsin  was 
Podolinski,2  who  found  that  all  salts  promote  the  action  of 
trypsin  but  that  the  intensity  of  this  influence  varies  greatly. 
As  early  as  1872,  however,  Schaefer  and  Boehm'  stated  that 
arsenious  acid  had  no  effect  on  tryptic  activity,  and  in  1875 
Heidenhain*  pointed  out  that  sodium  chloride  accelerated  the 
action  of  trypsin.  Lindberger  ^  found  that  the  inhibitory  action 
of  many  organic  acids  could  be  partly  overcome  by  bile  plus 
sodium  chloride,  but  that  in  general,  while  sodium  chloride 
accelerated  in  neutral  or  alkaline  solutions,  in  add  solutions 
sodium  chloride  retarded  the  action  of  trypsin,  nor  was  this 
retardation  due  to  destruction  of  the  ferment,  for  after  dialysis 
the  ferment  could  be  recovered  in  an  active  condition.  Bubnow  * 
found  that  ferric  chloride  and  ferrous  sulphate  had  no  action 
on  trypsin.  Pfeiffer^  came  to  a  conclusion  diametrically  opposed 
to  that  of  Podolinski,  namely,  that  with  the  exception  of  soditim 

1  Oppenheimer,  Ferments  and  their  Actions^  trans,  by  Mitchell,  1901* 
p.  108. 

a  Podolinski,  Beitr,  8,  Kennin.  d,  pancr.  Eiweissverdg.,  Inaug.  Diss.. 
Breslau,  1876,  quoted  after  Oppenheimer,  loc,  cit, 

«  Schaefer  and  Boehm,  Jahresber.  f.  Thierchem,,  p.  367,  187a. 

*  Heidenhain,  Arch.  f.  d.  ges.  Physiol,,  x,  p.  579,  1875. 

J  Lindberger,  Jahresber.  /.  Thierchem.,  p.  a8a,  1883. 

«  Bubnow,  Zeitschr.  f.  physiol.  Chem.^  vii,  p.  315,  1883. 

f  Pfeiffer,  Jahresber.  f.  Thierchem.,  p.  a  78,  1884. 
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carbonate  all  salts,  especially  sodium  chloride,  retard  tryptic 
digestion.  Harris  and  Tooth  ^  found  that  mercuric  chloride 
delays  the  action  of  Liquor  Pancreaticus  but  does  not  abolish  it, 
while  Wasiliew^  had  previously  stated  that  trypsin  was 
unaffected  by  mercuric  chloride. 

Chittenden  and  Cummins^  published  an  extensive  series  of 
experiments  dealing  with  the  influence  of  salts  on  tryptic  diges- 
tion in  which  they  investigated  the  influence  exerted  by  a 
variety  of  concentrations.  Unfortunately,  however,  they  used 
dried  fibrin  as  a  substrate,  in  neutral  solution,  and  weighed  the 
undigested  residue  after  six  hours*  digestion  at  40**  C.  Here,  as  in 
Mett's  method  and  all  methods  in  which  an  insoluble  substrate 
is  used,  the  processes  of  solution,  diffusion,  and  digestion  com- 
bine, as  I  have  pointed  out,  to  produce  the  result.  They  found, 
however,  that  mercuric  chloride,  mercuric  idodide,  mercuric 
bromide,  mercuric  cyanide,  cupric  sulphate,  lead  acetate,  stan- 
nous chloride,  arsenious  oxide,  arsenic  acid,  potassium  antimony 
tartrate, ferric  chloride,  ferrous  sulphate,  manganous  chloride, zinc 
sulphate,  barium  chloride,  magnesium  sulphate,  potassium 
permanganate,  potassium  bichromate,  potassium  ferrocyanide, 
potassium  ferricyanide,  sodium  sulphate,  potassiiun  chlorate, 
potassium  nitrate,  and  potassitim  chloride  all  retarded  the 
hydrolysis  to  a  greater  or  less  extent,  while  potassium  cyanide, 
in  concentrations  of  o.i  per  cent,  (corresponding  to  ^V)  and  up- 
wards, produced  marked  acceleration,  and  sodium  tetraborate  also 
accelerated  the  digestion  although  to  a  less  degree.  Sodium 
chloride  accelerated  at  0.05  per  cent,  (corresponding  to  yfy) 
and  retarded  at  higher  concentrations,  while  the  action  of 
potassitim  bromide  and  of  potassium  iodide  was  in  the  direction 
of  acceleration. 

More  recently  Weiss  *  has  found  that  sodium  chloride  delays 
tiyptic  digestion  in  strong  concentrations  although  in  very  weak 
concentrations  (0.05  per  cent.)  it  accelerates.  A  10  per  cent, 
sodium  chloride  solution,  according  to  Weiss,  retards  digestion  to 

«  Harris  and  Tooth,  Journ.  of  Physiol.,  ix,  p.  223,  1888. 

» Wasiliew,  Zeitschr.  /.  physiol.  Chem.,  vi,  p.  112,  1882. 

'  Chittenden  and  Cummins,  Trans.  Connecticut  Acad.,  vii,  p.  zoS. 

•  Weiss,  Zeitschr.  /.  physiol.  Chem.,  xl,  p.  480,  1904. 
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the  extent  of  1 3  per  cent. ,  while  sodium  bromide  and  sodium  iodide 
act  more  weakly.  Potassium  salts,  he  states,  act  similarly, 
borax  favors  the  reaction,  oxalates  and  sulphates  strongly 
inhibit  it,  and  disodium  phosphate  accelerates  the  digestion. 

In  regard  to  the  influence  of  reaction  very  contradictory 
statements  are  found  in  the  older  literature.  It  was  early 
recognized  that  alkalies  and  salts,  such  as  sodium  carbonate, 
possessing  an  alkaline  reaction  accelerated  the  action  of  trjrpsin, 
but  the  first  to  recognize  the  really  active  agent  in  this  accelera- 
tion appear  to  have  been  Dietz  and  Kanitz  ^  who  found  that  the 
velocity  of  digestion  was  proportional  to  the  hydroxyl  concen- 
tration, the  latter  placing  the  optimum  alkalinity  at  a  concen- 
tration of  ^5^  hydroxidion.  That  entirely  unnecessary  and 
excessive  concentrations  of  alkali  were  used  by  the  majority  of 
the  older  investigators  was  pointed  out  by  Vernon  2  who  fotmd 
that  destruction  of  the  ferment  occurred  in  distilled  water,  the 
destruction  in  strong  extracts  sometimes  amounting  to  33  per 
cent,  within  an  hour,  while  in  weaker  extracts  destruction  took 
place  much  more  slowly;  this  destruction  is  very  much  acceler- 
ated by  hydroxyl  ions.  Bayliss  and  Starling  ^  confirmed  these 
observations  of  Vernon  while  Taylor,*  using  protamine  stilphate 
as  substrate,  found  that  the  optimum  hydroxyl  concentration 
lay  between  yttjs  s-^d  tiW-  The  rate  of  digestion  is,  how- 
ever, not  simply  a  function  of  hydroxyl  concentration,  for 
rapid  hydrolysis  takes  place  in  the  presence  of  0.4  per  cent, 
sodium  carbonate  corresponding  to  an  hydroxyl  concentration 
which,  on  direct  addition,  inhibits  digestion^ ;  and  the  optimum 
sodium  carbonate  concentration  given  by  Vernon  is  0.5  per  cent., 
corresponding  to  ^Stt  hydroxidion,  a  degree  of  alkalinity 
which,  according  to  Taylor,  sufficed  in  his  experiments  to  inhibit 
tryptic  digestion  entirely.     Bayliss  and  Starling  ^  and  previously 

»  Kanitz,  Zeitschr.  f.  physioL  Chem.^  xxxvii,  1902,  who    also  quotes 
Dietz. 

2  Vernon,  Journ.  of  Physiol,,  xxviii,  p.  386,  190a. 
^  Bayliss  and  Starling,  ibid,,  xxx,  p.  61,  1903. 

*  Taylor,  Univ.  of  Calif,  Pub,,  Pathol,,  i,  p.  7,  1904. 

*  Taylor,  loc,  cit. 

«  Bayliss  and  Starling,  Journ,  of  PhysioL,  xxx,  p.  61,  1903. 
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Biernacki  ^  found  that  the  addition  of  dissolved  proteins  to  an 
alkaline  solution  containing  trypsin  greatly  retarded  the  destruc- 
tion of  the  trypsin,  and  Vernon  ^  pointed  out  that  the  protective 
power  of  these  substances  for  trypsin  depends  solely  upon  their 
power  of  neutralizing  alkali  and  if  their  acid  radicles  be  pre- 
viously neutralized  by  alkali  they  lose  their  protective  power. 
Most  proteins  have  some  protective  value  but  hydrated  proteins 
and  the  decomposition  products  of  protein  hydrolysis  have 
greater  protective  value.  In  some  cases,  however,  there  is 
apparently  a  combination  between  the  ferment  and  the  protein 
which  only  breaks  down  very  slowly ;  thus  egg-albumin  possesses 
marked  antitryptic  properties.^ 

In  regard  to  the  influence  of  other  dissolved  substances, 
Fraser  *  fotmd  that  watery  infusions  of  tea,  coffee,  and  cocoa 
retard  tryptic  digestion,  particularly  the  digestion  of  casein. 
This  retardation  he  afterwards  attributed  to  the  tannic  acid 
contained  in  these  infusions,  s  Heidenhain^  found  that  bile 
and  sodium  glycocholate  accelerated  the  hydrolysis,  but  Chit- 
tenden and  Albro  ^  found  that  bile  did  not  accelerate  tryptic 
digestion,  while  Rachford  *  stated  the  contrary  to  be  the  case. 

Bruno  ^  and  Zuntz  ^^  confirmed  Rachford's  results,  but 
Vernon  ^  ^  finds  that  at  the  optimum  alkalinity  bile  has  no 
influence  on  tryptic  digestion,  but  if  the  concentration  of  the  bile 
is  as  high  as  lo  to  40  per  cent,  it  retards. 

»  Biernacki,  Zeitschr.  f.  Biol.,  xxviii,  p.  55,  1891. 

*  Vernon,  Journ.  of  Physiol.,  xxxi,  p.  346,  1904. 

»  See  also  Bayliss,  Arch,  des  sci.  biol.,  xi,  Suppl.,  p.  261, 1904.  Reprinted 
in  the  Collected  Papers  of  the  Physiological  Laboratory,  University  Col- 
lege, London,  vol.  xiii. 

«  Fraser,  Journ.  of  Anat.  and  Physiol.,  xxi,  p.  337,  1887. 

*  Fraser,  ibid.,  xxxi,  p.  469,  1897. 

•  Heidenhain,  Arch.  d.  ges.  Physiol.,  x,  p.  579,  1875. 

'  Chittenden  and  Albro,  Amer.  Journ.  of  Physiol.,  i,  p.  307,  1898. 

•  Southgate  and  Rachford,  Med.  Rec,  p.  878,  1895.  Rachford,  Journ, 
of  Physiol.,  XXV,  p.  165,  1899. 

»  Bnino,  Arch,  des  set.  biol.  de  St.  Petersbourg,  vii,  p.  14,  quoted  after 
Hammarsten,  Text-book  of  Physiol.  Ghent.,  trans,  by  Mandel,  1904, 
p.  328. 

10  Zuntz,  Arch,  f,  Anat.  u.  Physiol.,  p.  380,  1900. 

««  Vernon,  Journ.  of  Physiol.,  xxviii,  p.  386,  1902. 
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Kaufmann  ^  finds  that  toluol,  chloroform,  thymol,  and  sodium 
fluoride  do  not  retard  trjrptic  digestion  by  a  0.3  or  higher  per  cent, 
solution  of  Grubler's  trypsin.  Weaker  trypsin  solutions  are 
retarded  by  these  antiseptics,  the  more  the  weaker  the  trypsin 
solution.  After  twenty-four  hours  a  retarding  action  on  a 
0.08  per  cent,  solution  of  trypsin  under  the  influence  of  toluol 
could  be  observed,  sodium  fluoride  weakened  the  ferment  of 
0.06  per  cent,  concentration,  chloroform  a  solution  of  0.08  per 
cent,  concentration,  and  thymol  a  solution  of  o.i  per  cent,  con- 
centration. Bayliss  2  has  confirmed  Kaufmann's  results  as  far  as 
toluol  is  concerned. 

Braunnung^  finds  that  trjrptic  digestion  is  retarded  by 
glycerin,  cane  sugar,  and  gum  arabic,  whereas  Weiss  *  finds  that 
gum  arabic  favors  tryptic  digestion. 

Price  s  finds  that  the  addition  of  formalin  in  the  proportions 
of  I  to  10,000  and  i  to  20,000  does  not  alter  the  digestibility  of 
milk  by  trypsin. 

In  regard  to  alkaloids,  Chittenden  and  Cunmiins  ^  find  that 
the  sulphates. of  morphin,  atropin,  strychnin,  brucin,  narcotin, 
quinin,  cinchonin,  and  cinchonidin  all  retard  tryptic  digestion 
in  a  greater  or  less  degree ;  on  the  other  hand  Wroblewski  ^  finds 
that  caflFein,  nicotin,  and  conin  accelerate  the  hydrolysis,  atropin 
does  so  slightly,  and  morphin  retards  slightly  and  veratrin  retards 
strongly. 

In  regard  to  dissolved  gases,  Chittenden  and  Cummins* 
find  that  carbon  dioxide  and  hydrogen  sulphide  retard  tryptic 
digestion  in  neutral  solutions,  while  hydrogen  accelerates 
slightly.  According  to  Schierbeck,^  however,  carbon  dioxide 
accelerates  in  a  faintly  alkaline  solution  while  it  retards  in  an 

»  Kaufmann,  Zeitschr.  f.  physioL  Chent.,  xxxix,  p.  434,  1903. 
2  Bayliss,  loc.  cit. 

*  Braunnimg,  Zeitschr.  f.  physiol.  Chem.,  xlii,  p.  70,  1905. 

♦  Weiss,  ibid.,  xl,  p.  480,  1904. 

»  Price,  Centralhl.  f.  Bact.,  xiv  (2),  Nos.  3  and  4,  1905,  quoted  after 
Biochem.  Ceniralbl.,  iii,  p.  722. 

*  Chittenden  and  Cummins,  loc.  cit. 

»  Wroblewski,  Zeitschr.  f.  physioL  Chem.,  xxi,  p.  i,  1895. 

•  Chittenden  and  Cummins,  loc.  cit. 

»  Schierbeck,  Skand.  Arch.  f.  Physiol.,  iii,  p.  344,  1892. 


360  lon-Proteid  Compounds 

add  solution.  Probably  the  acceleration  obtained  by  Schier- 
beck  in  alkaline  solution  was  due  to  the  partial  neutralization 
of  an  injurious  excess  of  alkali. 

In  regard  to  the  influence  of  other  ferments  many  contradictory 
statements  have  been  made  regarding  the  influence  of  pepsin 
upon  the  activity  of  trypsin.  In  the  older  literature  pepsin  is 
generally  stated  to  have  a  destructive  action  on  trypsin,^  but 
these  effects  seem  mainly  to  have  been  due  to  the  acid  reaction 
communicated  to  the  digest  by  the  addition  of  acid  solutions  of 
pepsin,  for  Fischer  and  Abderhalden,^  as  might  have  been  ex- 
pected, found  that  by  the  combined  action  of  pepsin  and  trypsin 
on  casein  they  secured  a  more  intense  hydrolysis. 

It  is  obvious  that  the  evidence  concerning  the  influence  of 
dissolved  substances,  and  particularly  of  salts,  upon  the  hy- 
drolysis of  protein  is  of  a  highly  unsatisfactory  and  contradictory 
nature,  while  the  experiments  with  salts  have  rarely  been  carried 
out  under  adequate  conditions  of  physico-chemical  control.  I 
therefore  proceeded  to  carry  out  a  series  of  experiments  on  the 
influence  of  salts  upon  the  hydrolysis  of  neutral  calcium  caseinate 
by  trypsin.  In  all  cases  the  volume  of  the  digest  was  200  c.c. 
and  at  the  end  of  digestion  the  casein  was  precipitated  by  acetic 
acid  and  estimated  in  the  usual  way.  The  results  obtained  are 
given  in  Table  XIV,  the  figures  in  the  last  two  columns  being 
the  values  of  K  in  the  equation  log  -A_  -  Kt  for  the  control 
digest  containing  the  ferment  alone  and  for  that  containing  the 
ferment  plus  salt  respectively. 

These  experiments  were  not  all  carried  out  under  comparable 
conditions  of  temperature,  substrate  concentration,  ferment 
concentration,  etc.,  but  the  following  groups  of  salts  (page  364) 
were  tested  simultaneously  under  exactly  comparable  conditions. 
The  salts  are  placed  in  the  order  in  which  they  accelerate 
hydrolysis,  the  most  powerful  accelerators  being  placed  first. 

»  Mays,  Uniersuch.  Physiol,  Instil.  Heidelberg,  iii,  p.  378,  quoted  after 
Opx)enheimer,  Ferments  and  Their  Actions,  trans,  by  Mitchell,  1901. 
p.  108.  J.  N.  Langley,  Journ.  of  PhysioL,  iii,  p.  263,  1882.  Kahne. 
Verh,  Nat,  Med,  Ver,,  Heidelberg,  1877,  p.  190,  quoted  after  Oppenheimer, 
loc,  cit, 

*  Emil  Fischer  and  Abderhalden,  Zeiischr,  f,  physiol,  Chem.,  xl,  p.  215, 
»903. 
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I.  II. 

Sodium  propionate  Sodium  valerianate 

Sodium  acetate  Potassium  acetate 

Sodium  chloride  Sodium  butyrate 

Potassium  chloride  Sodium  formate 

Ammonium  nitrate  Potassiimi  bromide 

Sodium  nitrate  Ammonium  sulphocyanate 

III.  IV. 

Sodium  acetate  Sodium  fonnate 

Ammonium  sulphocyanate  Potassium  chloride 

Sodium  chloride  Sodium  sulphate 

Potassium  chloride  Sodium  chloride 

Sodium  sulphate  Ammonium  sulphocyanate 

V. 

Potassium  cyanide 

Sodivun  citrate 

Disodiimi  phosphate 

Sodium  oxalate 

Rubidium  chloride 

Sodium  fluoride 

Sodium  tartrate 

Caesium  chloride 

Monosodium  phosphate  (retards) 

There  is  a  striking  correspondence  between  the  order  in  which 
the  above  salts  accelerate  the  hydrolysis  of  neutral  caseinates 
by  trypsin  and  the  order  in  which  they  augment  the  solubility 
of  casein  in  calcium  hydrate  (see  Table  IV).  Since  the  curve 
showing  the  relation  between  the  concentration  of  the  salt  and 
the  degree  of  acceleration  which  it  produces  exhibits,  as  we  shall 
see,  marked  maxima  and  minima  it  is  not  improbable  that  the 
curves  for  different  salts  not  too  far  removed  from  one  another 
in  respect  to  their  influence  upon  the  velocity  of  hydrolysis  may 
cut  one  another,  so  that  at  one  concentration  the  salts  may 
accelerate  in  one  order  and  at  another  concentration  in  another 
order;  a  comparison  of  Groups  III  and  IV  shows  this  clearly. 
Nevertheless  we  may  state  broadly,  classifying  the  ions  according 
to  their  anions,  that  potassium  cyanide  accelerates  the  tryptic 
hydrolysis  of  casein  most,  then  follow  the  salts  of  the  fatty  acids 
(valerfenate,  butyrate,  acetate,  etc.),  while  chlorides,  nitrates, 
and  sulphates  accelerate  least.     This  is  an  order  not  commonly 


T.  Brailsford  Robertson 


365 


found  in  investigations  upon  the  influences  of  salts  on  protein 
systems.  It  exhibits  marked  divergences  from  that  given  by 
Pauli  ^  for  the  coagulation  of  egg-white  by  salts,  nor  is  it  in  better 
agreement  with  the  order  in  which  salts  influence  the  swelling  of 
gelatin  in  water,  as  given  by  Hofmeister.^  But  it  is  in  fair 
agreement  with  the  order  in  which  salts  dissolve  serum  globulin, 
as  fotmd  by  Hardy ,^  and  still  better,  as  I  have  pointed  out,  with 
the  order  in  which  they  augment  the  solvent  power  of  calcium 
hydrate  for  casein. 

We  may,  I  think,  conclude  from  the  above  data  that  those 
salts  which  augment  most  the  solvent  power  of  calcium  hydrate 
for  casein  and  which  diminish  to  the  greatest  extent  the  opalescence 
of  solutions  of  calcium  caseinaie  also  accelerate  to  the  greatest  extent 
the  hydrolysis  of  calcium  caseinaie  by  trypsin. 

if)  The  Influence  of  the  Degree  of  Alkalinity  upon  the  Accelera- 
tion in  the  Hydrolysis  of  Casein  by  Trypsin  which  is  Brought 
about  by  the  Addition  of  Sodium  Chloride. 

Two  hundred  c.c.  of  an  approximately  y/air  calcium  hydrate 
solution  ** saturated'*  with  casein  was  placed  in  each  flask,  and 
o,  3,  6,  and  9  c.c.  of  ^Vlcalcium  hydrate  added  and  the  volume 
of  [each  digest  Jwas  made  up^to  23o"c.c.  The  initial  mass  [of 
casein  in  the  digests  was  determined  in  the  usual  way  and  found 
to  be  187  milligrams.  Digestion  was  carried  on  [at  36°  C.  for 
three  hours.     The  following  tables  express  the  result. 


TABLE  XV. 

(without  ferment) 

c.c.  of  A 

Ca(0H5,. 

K 
(without  NaQ) 

(plus  l^aCl). 

wh«nK-z. 

0 

17 

30 

1.77 

3 

23 

45 

1.96 

6 

30 

49 

1.63 

9 

39 

49 

1.26 

»  W.  Pauli,  Beitr.  g.  chem.  Physiol,  u.  Path.,  iii,  p.  225,  1903. 
a  Hofmeister,  Arch,  f,  exper.   Path,  u.  Pharm,,  xxvii,  p.  395,  18901 
xxviii,  p.  a  10,  1891 

*  W.  B.  Hardy,  Jaurn,  of  Physiol,,  xxxiii,  p.  251,  1905. 
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TABLB  XVI. 


(plus  z  c.c.  of  .05 

per  cent,  trypsin) 

C.C.  of  11 
CaCOHf, 

K 
(without  NaQ) 

(plus  If  NaQ) 

when  K—z 

0 
3 
6 
9 

49 
75.5 
45 
42 

79 
88 
56 
49 

1.61 
1.17 
1.24 
1.17 

It  must  be  remembered  that  since  calcium  casemate  is  hydro- 
lytically  dissociated  ^  and  moreover  probably  consists,  in  solution, 
of  a  number  of  amphoteric  bodies  in  equilibrium  (ampho-salts, 
ampholates)  ^  the  figures  in  the  first  columns  of  the  above  tables 
only  represent  the  nominal  and  not  the  actual  excess  of  alkali. 
Nevertheless  it  is  evident  that  the  acceleration  of  the  hydrolysis 
produced  by  Sodium  Chloride  falls  off  as  the  alkalinity  is  increased. 

(g)  Tlie  Influence  of  the  Concentration  of  Sodium  Chloride  upon 
the  Acceleration  which  it  Produces  in  the  Hydrolysis  of  Casein 
by  Trypsin. 

Experiment  i. — One  hundred  and  fifty  c.c.  of  an  approxi- 
^^'^tely  yinnr  Ca(0H)2  solution  "saturated"  with  casein  was 
placed  in  each  flask  and  o,  s,  lo,  15,  20,  35,  and  45  c.c.  of  a 
normal  solution  of  sodium  chloride  added  and  each  digest  made 
up  to  200  c.c. ;  no  trypsin  was  added.  The  initial  mass  of  casein 
in  each  digest  was  determined  in  the  usual  way  and  found  to  be 
165  milligrams.  Digestion  (autohydrolysis)  was  carried  on  at 
37°  C.  for  three  hours.     The  following  were  the  results  obtained. 


TABLE  XVII. 
0)ncexitration  NaCl 


K 


0 18 

0.026N 24 

0.06  N 34.5 

0.075N 31 

0.1     N 48.5 

0.175N 57 

0.225N 31 


»  W.  A.  Osborne,  Journ.  of  Physiol.^  xxvii,  p.  398,  1901. 
«  Robertson,  Journ.  of  Physical  Chem.,  x,  p.  594,  1906. 
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Experiment  2. — The  experiment  was  repeated  in  the  same 
manner.  The  initial  mass  of  casein  in  the  digests  was  149  milli- 
^am.*;.  Digestion  was  earned  on  at  .^5-5°  C.  for  three  hours. 
The  following  were  the  results  obtained. 


TABLE    XVIII. 


0.025N 
0.05  N 
0.07614 


In  the  accompanying  figure  these  results  are  plotted,  the 
abcissse  being  concentrations  of  sodium  chloride  and  the  ordinates 
the  values  for  the  velocity  constants. 


^--^ 

/        ^. 

^v-^                ^ 

^^    ,-- 

t 

-^f- 

:5r 

It  cannot  fail  to  be  noted  that  the  curves  thus  obtained  bear 
a  strong  resemblance  to  those  given  by  Oswald'  repi'  esenting  the 
influence  of  the  concentration  of  sodium  chloride  solution  upon 
the  amount  of  water  taken  up  from  it  by  gelatin  plates.  The 
theoretical  significance  of  this  resemblance  will  be  discussed 
later. 

Qt)  The  Influence  of  the  Concentration  of  the  Ferment  upon  the 
Acceleration  of  the  Hydrolysis  of  Casein  by  Trypsin  which  is 
Produced  by  the  Addition  0}  Sodium  Cklortde. 

Two  hundred  c.c.  of   an  approximately  ■ffr  caldiun  hydrate 
'  Wolfgang  Ostwald,  Arch.  f.  d.  gts.  PhysicL,  cxi,  p.  518,  1906, 
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solution  "saturated"  with  casein  was  placed  in  each  flask 
and  the  flasks  divided  into  twojsets;  to^the  one  setXwere 
added  o,  i,  2,  and  3  c.c.  of  a  .05  per  cent,  solution  of  trypsin,  while 
to  the  other  set  were  added  the  same  amounts  of  trypsin  plus 
10  c.c.  of  a  normal  sodium  chloride  solution.  The  initial  amount 
of  casein  in  each  digest  was  137  milligrams.  Digestion  was 
carried  out  at  36°  C.  for  three  hours.  The  following  table 
embodies  the  restilts  obtained. 


TABLE    XIX 

• 

c.c.  of  Ferment 
Solution. 

K 

(without  NaCl). 

(with  liaCi). 

when  K—  i. 

0 

1 
2 
3 

30 

53 

112 

135 

62 

97 

152 

198 

2.06     . 
1.83 
1.36 
1.47 

It  will  be  seen  that,  in  general,  the  acceleration  produced  by  a 
given  concentration  of  sodium  chloride  is  less,  relatively,  the 
greater  the  concentration  of  the  ferment. 

(i)  The  Changes  in  Reaction  During  Digestion. 

Gillespie  ^  observed  that  as  peptic  digestion  proceeded  the 
amount  of  "free  HCr*  in  the  digest  decreased.  Tayl  2  h^g 
observed  a  diminution  in  the  alkalinity  of  a  tryptic  digest  of 
protamine  stilphate  as  digestion  proceeds.  Greenwood  and 
Saunders  ^  have  detected  changes  in  the  reactions  to  indicators 
as  intracelltilar  digestion  proceeds. 

Two  hundred  c.c.  of  a  -j^tt  solution  of  calcium  hydrate 
"saturated"  with  casein  was  placed  in  an  Erlenmeyer  fliask  and 
rendered  just  alkaline  to  phenolphthalein  by  the  addition,  drop 
by  drop,  of  a  solution  of  jj  calcium  hydroxide  so  that  on  ad- 
dition of  a  few  drops  of  phenolphthalein  solution  the  digest  took 
on  a  distinct  pink  hue.  After  digestion  for  two  hours  at  3  5—30®  C. 
the  pink  color  had  disappeared,  after  an  additional  hour  and  a 

»  Gillespie,  Joum.  of  Anat,  and  Physiol.,  xxvii,  p.  195,  1893. 
«  A.  E.  Taylor,  Univ,  of  Calif.  Pub.,  Pathol,  i,  p.  7,  1904. 
•Greenwood  and  Saunders,  Joum.  of  Physiol,  xvi,  p.  441,  1894. 
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half  at  30-35°  C.  the  color  had  completely  gone»  after  two 
hottrs  more  at  35-40®  C.  the  reactions  to  various  indicators  were 
tested  and  found  to  be  as  follows: 

Neutral  red Red 

Congo  red Rose 

Tropaeolin  000 Orange 

Cyanin Paint  pale  blue 

Phenolphthalein Colorless 

Litmtis Blue-violet 

This  experiment  was  repeated  a  nimiber  of  times  both  with  and 
without  trypsin;  similar  results  were  always  obtained.  The 
carbon  dioxide  of  the  air  was,  of  course,  excluded  by  tightly 
fitting  rubber  stoppers.  Two  hundred  c.c.  of  a  -^  calcium 
hydroxide  solution  "saturated"  with  casein  was  placed  in  an 
Erlenmeyer  flask  and  paranitrophenol  added;  ^^  hydrochloric 
acid  was  then  run  in  drop  by  drop  until  the  color,  due  to  the  para- 
nitrophenol, had  just  completely  disappeared.  The  casein  wa^ 
now  partly  precipitated  and,  possibly,  owing  to  this  the  change 
in  reaction  took  place  very  slowly  at  38°  C,  but  after  twelve 
hours  the  characteristic  greenish-yellow  color  of  para  nitrophenol 
in  neutral  or  alkaline  solution  cotild  be  distinctly  perceived.  In 
twenty-four  hours  the  color  could  not  be  distinguished  from  that 
of  a  neutral  solution,  although  much  of  the  casein  still  remained 
precipitated. 

Hence  both  alkaline  and  acid  digests  of  casein  tend  towards  the 
neutral  point  as  digestion  proceeds.  Neutral  digests  do  not 
alter  appreciably  in  reaction  dtuing  digestion.  The  theoretical 
significance  of  these  facts  will  be  considered  in  the  theoretical 
part  of  the  paper. 

IV.    THEORETICAL. 

In  a  recent  paper  ^  I  have  put  forward  the  suggestion  that  the 
proteins  may  be  regarded  as  associating  amphoteric  electrolytes 
(or,  to  use  the  term  which  I  there  suggested,  associating  ampho- 

1  Robertson,  Jaum,  of  Physical  Chem.^  x,  p^  594,  X9o6« 
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l)rtes).  The  researches  of  Mann,^  Billitzer,*  Freundlich,^  Laqueur,* 
Hardy ,^  and  others  have  shown  that  proteins  in  solution  act  as 
electrolytes;  their  salts,  in  solution,  undergo  electrolytic^  and 
hydrolytic^  dissociation  much  as  other  salts  do;  while  the  fact 
that  proteins  are  amphoteric  in  nattire  has  been  pointed  out  by 
Strecker,8  Bredig,9  Winkelblech,io  Loeb,*!  Walker,^^  Hardy,*^ 
and  Mann.^* 

The  **  association"  in  protein  systems,  that  is,  the  formation 
of  pol3mieric  complexes,  "pseudo-ions,"  etc.,  under  various 
conditions  has  been  discussed,  among  others,  by  Hardy.** 
Assuming,  therefore,  that  proteins  are  to  be  regarded  as  as- 
sociating amphol)rtes,  I  suggested,  in  the  paper  to  which  I  have 
referred,  that  the  compounds  which  have  hitherto  been  termed 
"ion-proteids,"  as  also  the  "molecular  compounds"  between 
proteins  and  acids,  bases,  or  salts,  might  be  regarded  as  ampho- 

»  Gustav  Mann,  Physiological  Histology,  Oxford,  1902,  p.  45;  Chemistry 
of  the  Proteids,  1906,  pp.  259,  268. 

»  J.  Billitzer,  Ann.  d.  Physik.,  cccxvi,  pp.  902,  937,  1903. 

*  H.  Freundlich,  Zeitschr.  f.  physik,  Chem.,  xliv,  p.  129,  1903. 

*  Laqueur,  Inaug.  Diss.,  Breslau,  1905;  Biochem.  Centralbl.,  iii,  p.  670. 

*  W.  B.  Hardy,  Jotirn.  of  Physiol,,  xxxiii,  p.  251,  1905. 

*  In  regard  to  the  evidence  that  protein  salts  are  electrolytically 
dissociated,  see  the  authors  just  referred  to,  also  Huiskamp,  Zeitschr,  f. 
physioL  Chem.,  xxxiv,  p.  32,  1901,  to  whose  work  I  regret  that  I  omitted 
to  refer  in  my  previous  paper  {loc,  cit.). 

1 1n  regard  to  the  hydrolytic  dissociation  of  proteins  see:  Erb,  Zeitschr 
f,  Biol.,  xli,  p.  309,  1901.  Sjdqvist,  Skand.  Arch.  f.  PhysioL,  v,  p.  377 
1894.  Arrhenius  and  Ley,  Zeitschr.  f.  physikal.  Chem.,  xxx,  p.  193,  1899 
Bugarsky  and  Liebermann,  Arch.  f.  d.  ges.  Physiol.,  Ixxii,  p.  51,  iSgS 
Spiro  and  Pemsel,  Zeitschr.  f.  physiol.  Ghent.,  xxvi,  p.  233,  1898.  W.  A 
'Osborne,  Journ.  of  PhysioL,  xxvii,  p.  398,  1901.  Laqueur,  loc,  cit.  W 
B.  Hardy,  Journ.  of  PhysioL,  xxxiii,  p.  251,  1905. 

*  Strecker,  Ann.  d.  Chem.,  cxlviii,  p.  87,  1886. 
»  Bredig,  Zeitschr.  f.  Electrochem.,  1899. 
to  Winkelblech,  **Ueber  amphotere    Elektrol)d;e    und    innere    Salzc," 

Inaug.  Diss.,  Leipzig,  1901 ;  quoted  after  Mann,  Chemistry  of  the  Proteids 
^906,  p.  208;  Zeitschr.  f.  physikal.  Chem.,  xxxvi,  p.  546,  1901. 

»»  J.  Loeb,  Univ.  of  Calif.  Pub.,  PhysioL,  i,  p.  149,  1904. 

«»  Walker,  ibid.,  xlix,  p.  82,  1904. 

"  W.  B.  Hardy,  loc.  cit. 

i«  Gustav  Mann,  Chemistry  of  the  Proteids,  1906,  pp.  145  and  908. 

i»  W.  B.  Hardy,  Ipc.  cit. 
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salts  or  di-salts  of  the  ampholyte  (types  Na+XOH,  HX+Cl, 
NaX+Cl,  Na-hXCl),  while  the  "non-dissociable"  ion-proteid 
compounds  might  be  regarded  as  "acid"  or  "basic"  ampho- 
saltsi  or  as  di-salts  (types  H+  +XC1',  NaX+  +0H',  NaX+  +C1', 

Na++XC10. 

Regarded  from  this  point  of  view  it  will  be  seen  that  a  solution 
of  casein  in  lime-water  cannot  be  regarded  as  a  solution  of  a 
single  substance,  casein,  but  rather  as  a  mixture  of  polymeric 
modifications  and  compounds  of  casein.  W.  A.  Osborne,^ 
Sackur^  and  Laqueur  *  have  pointed  out  this  complexity  in 
solutions  of  casein,  while  Hardy  ^  has  drawn  attention  to  similar 
phenomena  in  globulin  solutions. 

The  evidence  for  the  existence  of  definite  salts  of  casein  con- 
taining definite  proportions  of  bases  rests  upon  the  facts  that,  at 
definite  hydrion  concentrations  (as  determined  by  the  neutral 
points  of  given  indicators) ,  a  given  quantity  of  casein  neutralizes 
equivalent  molecular  proportions  of  different  bases  and  that  the 
alcohol  precipitate  contains,  also,  eqtiivalent  molecular  per- 
centages of  the  base.  This  constitutes  no  proof  that  these 
compounds  are  simple  salts  of  the  bases  in  the  ordinary  sense 
of  the  word.  The  above  facts  are  equally  easily  explained  by 
assuming  the  existence  of  a  mixture,  as  outlined  above,  for,  as  I 
have  previously  pointed  out,^  at  a  given  hydrion  concentration 
the  proportion  of  dissociated  basic  ampholates  to  dissociated 
acid  ampholates  is  constant,  and  hence  it  is  not  surprising 
that,  at  a  given  hydrion  concentration,  a  protein  of  Class  I 
(see  paper  to  which  reference  has  just  been  made)  should 
neutralize  eqtiivalent  molecular  proportions  of  different  bases, 
for  the  proportion  of  the  active  mass  of  protein  acid  to  the 
active  mass  of  protein  base  wotild  be  constant  at  any  given 
hydrion  concentration.     Estimates  of  the  molectilar  weight  of 

»  J.  Loeb,  Dynamics  of  Living  Matter,  Columbia  Univ.  Press,  1906, 
p.  also  7a. 

a  W.  A.  Osborne,  Journ,  of  Physiol,,  xxvii,  p.  398,  1901. 

»  Sackur,  Zeitschr,  f.  physik,  Ghent.,  ix,  p.  487,  189a. 

♦  Laqueur,  Inaug.  Diss.,  Breslau,  1905;  Biochem.  CentralbL,  iii,  p.  670. 

»  W.  B.  Hardy,  Journ,  of  Physiol,,  xxxiii,  p.  251,  1905. 

«  Robertson,  loc,  cit. 
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casein,  therefore,  based  on  the  determinations  of  the  percentage 
of  calcium  hydrate  neutralized  by  casein  at  a  given  hydrion 
concentration,  are  premature  until  we  are  certain  that  we  are 
dealing  with  a  single  substance. 

The  question  now  arises,  which  of  the  constituents  of  the 
mixture  is  attacked  by  trypsin?  Since  casein  neutralizes  bases 
in  equivalent  molecular  proportion,  if  the  sodium  ampho-salt 
has  a  formula  which  may  be  written  NaXOH,  then  the  calcinm 
salt  should  have  the  formula,  Ca(X0H)2.  If  the  trypsin  reacted 
with  the  ampho-salts,  therefore,  we  should  expect,  if  one  molecule 
of  trypsin  reacted  with  one  molecule  of  the  sodium  ampho-salt, 
two  should  react  with  one  of  the  calcium  salt — so  that,  if  the  ve- 
locity of  the  hydrolysis  of  sodium  caseinate  were  directly  propor- 
tional to  the  mass  of  the  trypsin,  the  velocity  of  hydrolysis  of  the 
calcium  caseinate  shotild  be  proportional  to  the  square  of  the 
ferment  concentration.  As  we  have  seen,  however,  this  is  not 
the  case.  In  both  instances  the  velocity  is  directly  proportional 
to  the  ferment  mass  within  certain  limits  of  substrate  concentra- 
tion, so  that  I  am  led  to  conclude  that  the  trypsin  reacts,  at 
moderate  substrate  concentration,  only  with  the  anions  and 
cations  of  the  dissociated  acid  and  basic  ampholates  {types 
H+  +XOH\  HA:+  +0H')  set  free  by  hydrolytic  or  electrolytic  dis- 
sociation. 

At  a  higher  substrate  concentration  [^^  Ca(OH)2  "sat- 
urated" with  casein]  the  ampho-salts  apparently  enter  into  the 
reaction  and  we  have  the  sum  of  two  effects,  one  the  influence 
of  the  trypsin  upon  the  hydrolysis  of  the  ampholates,  the  other 
the  influence  upon  the  ampho-salts;  hence,  in  the  case  of  calcium 
caseinate  at  high  substrate  concentration,  the  velocity  constant  of 
hydrolysis  varies  as  af  +bf^  where  a  and  b  are  constants  and  /  is  the 
ferment  concentration,  the  linear  factor  representing  the  influence 
of  the  ferment  upon  the  hydrolysis  of  the  ampholates,  and  the 
quadratic  factor  representing  the  influence  upon  the  hydrolysis  of 
the  calcium  ampho-salt,  in  which,  as  I  have  pointed  out,  tivo  mole- 
cules of  the  ferment  are  in  all  probability  involved.  If  this 
explanation  were  correct  we  should  expect  that  the  relation 
between  ferment  concentration  and  velocity  of  hydrolysis  of 
caseinates  of  monacid  bases  should  remain  approximately  linear 


T.  Brailsford  Robertson  373 

for  all  substrate  concentrations,  since  whether  the  ampho-salts 
or  ampholates  are  involved,  only  one  molecule  of  ferment  reacts 
with  each  molecule  of  substrate ;  I  have  made  a  few  observations 
on  the  influence  of  ferment  concentration  upon  the  hydrolysis 
of  concentrate  dsodium  caseinate  (j^  NaOH  saturated  with 
casein)  and  have  obtained  a  linear  relation  with  no  trace  of  a 
quadratic  factor.  Bayliss,  using  about  5  per  cent,  sodium  and 
ammonium  caseinates — corresponding  to  about  fj  alkali  "satur- 
ated" with  casein, — ^found  a  linear  relation  between  ferment 
concentration  and  the  initial  velocity  of  hydrolysis ;  the  relation 
is  therefore  linear  for  caseinates  of  monacid  bases  over  a  very 
wide  range  of  substrate  concentration  and  at  nearly  twenty 
times  the  substrate  concentration  at  which  the  quadratic  factor 
first  appears  in  the  equation  representing  the  relation  between 
the  velocity  of  hydrolysis  of  ccUcium  caseinate  and  the  ferment 
concentration. 

Since,  in  casein,  the  undissociated  ampholates  and  association- 
salts  (types  HXOH,  XX)  are  practically  insoluble,  an  increase 
in  the  solubility  of  casein  probably  involves  an  increase  in 
dissociation,  since,  as  I  have  elsewhere  shown,^  in  an  associating 
ampholyte  system,  dissociation  increases  as  association  (and  the 
consequent  formation  of  undissociated  ampholates  and  asso- 
ciation-salts) diminishes.  Any  salt,  therefore,  which  increases 
the  solubility  of  casein  in  the  solution  to  which  it  is  added  must, 
for  that  reason,  increase  the  concentration  of  dissociated  acid  and 
basic  ampholate  anions  and  cations  in  such  a  solution  containing 
a  caseinate  and  thus,  by  increasing  the  mass  of  the  substrate 
actually  attacked  by  the  trypsin,  must  increase  the  velocity  of 
hydrolysis.  Salts  which  diminish  the  solubility  of  casein  would 
have  the  reverse  effect.  In  confirmation  of  this  idea  I  may  allude 
to  the  fact  that,  as  we  have  seen,  those  salts  which  increase  most 
the  solubility  of  casein  in  calcitmi  hydrate  also  diminish  to  the 
greatest  extent  the  opalescence  of  solutions  of  calcium  caseinate 
to  which  they  are  added,  indicating  a  diminution  in  the  number 
of  pseudo-ions  and  association-salts  present  in  the  solution. 
We  should  thus  expect  to  find  a  close  correspondence  between  the 

«  Robertson,  loc.  cit. 
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increase  in  solvent  power  for  casein  conferred  by  salts  on  calcium 
hydrate  and  the  acceleration  of  the  hydrolysis  of  calcium  casein- 
ate  by  trypsin  which  they  produce.  The  close  agreement  between 
the  facts  and  the  hypothesis  cannot  fail  to  be  noted  on  comparing 
Tables  IV  and  XIV.  That  the  correspondence  is  not  absolutely 
complete  is  readily  understood  when  we  recollect  that  the  disso- 
ciation of  the  ferment  may  also  be  affected  by  the  salt.  Nasse  ^ 
and  Chittenden  and  Cummins  ^  concluded  that  the  action  of  salts 
upon  ferment  reactions  was  specific  for  each  individual  ferment. 
In  the  face  of  such  contradictory  results  as  had  already  been 
obtained  in  investigations  upon  the  influence  of  salts  on  tryptic 
digestion  it  is  difficult  to  understand  how  these  authors  felt 
themselves  justified  in  reaching  this  conclusion.  Chittenden 
and  Cunmiins  used  fibrin  as  substrate  in  neutral  solution  and 
foimd  that  most  salts  retarded  the  digestion  by  trypsin.  I 
have  used  calcitun  caseinate  as  substrate  in  neutral  solution  and 
I  find  that  nearly  all  salts  accelerate  the  digestion — ^in  the  same 
way  an  examination  of  the  literature  will  show  that  hardly  a 
single  statement  has  been  made  by  any  observer  regarding  the 
influence  of  dissolved  substances  upon  tryptic  digestion  which 
has  not  been  contradicted  by  some  other  observer.  Divergences 
such  as  these  are  not  to  be  attributed  to  experimental  errors. 
On  the  basis  of  the  hypothesis  that  the  influence  of  salts  upon 
tryptic  digestion  is  to  be  attributed  in  the  main  to  alterations 
in  the  dissociation  of  the  substrate,  the  widely  diflEering 
results  obtained  when  different  substrates  are  used  become 
explicable. 

It  might  possibly  be  argued  that  on  adding  a  salt  to  a  solution 
of  a  caseinate  the  salt  may  partially  replace  some  of  the  alkali 
in  the  compound  and  that  the  alkali  thus  set  free  might  be 
responsible  for  the  acceleration.  That  this  is  not  the  case  is  seen 
on  referring  to  Table  VI,  the  addition  of  tenth-normal  solutions 
of  salts  to  solutions  of  "  Ca(0H)2  ** saturated"  with  casein, 
with  the  exceptions  of  potassitun  acetate  and  potassium  cyanide, 
only  raising  the  hydroxyl  concentration  to  an  alkalinity  which, 


»  Nasse,  Arch.  f.  d,  ges.  Physiol.,  xi,  p.  157,  1875. 

»  Chittenden  and  Cummins,  Trans.  Connecticut  Acad.,  vii,  p.  108. 
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as  other  experiments  show,  produces  scarcely  any  appreciable 
acceleration. 

The  dissociation  of  the  ampholates  having  reached  a  maximum, 
the  addition  of  a  salt  to  the  solution  would  no  longer  produce 
any  acceleration  of  the  digestion,  hence,  as  we  have  seen,  after 
the  addition  of  an  excess  of  alkali  to  a  solution  of  neutral  calcium 
caseinate  (which  must,  obviously,  increase  the  dissociation  and 
active  mass  of  the  acid  ampholates)  the  addition  of  sodium 
chloride  produces  less  relative  acceleration  of  the  hydrolysis. 

In  my  paper  on  the  conditions  of  equilibrium  of  an  associating 
ampholyte,  to  which  I  have  referred,  I  have  pointed  out  that  the 
degree  of  ** swelling"  which  a  protein  attains  in  a  given  solution 
in  all  probability  runs  parallel  with  its  solubility  in  that  solution. 
Now  the  velocity  of  the  hydrolysis  of  a  protein  by  trypsin,  on  the 
basis  of  the  hypothesis  which  I  have  put  forward,  is  proportional, 
other  factors  being  constant,  to  the  solubility  of  the  substrate 
in  the  medium — ^hence  the  influence  of  concentration  of  a  salt  upon 
the  acceleration  of  hydrolysis  produced  by  it  should  be  similar 
to  the  influence  of  concentration  of  a  salt  upon  the  swelling  of  a 
protein  in  its  solution.  The  close  similarity  between  the  curve 
representing  the  relation  of  concentration  to  acceleration  of 
tryptic  digestion  (see  figure,  page  367),  and  that  representing  the 
influence  of  concentration  on  the  swelling  of  gelatin  as  found 
by  Wolfgang  Ostwald,  was  therefore  to  be  expected  and  admits 
of  a  ready  explanation,  namely,  that  increase  in  swelling  and 
increase  in  velocity  of  hydrolysis  due  to  the  addition  of  a  salt 
are  in  the  main  due  to  the  same  thing,  that  is,  to  the  increase 
in  the  dissociation  of  the  acid  and  basic  ampholates  and  con- 
sequent diminution  in  association. 

The  solvent  powers  of  salts  and  alkalies  for  casein  are  not, 
in  general,  additive ;  as  I  have  pointed  out  elsewhere  this  is  to  be 
expected  in  the  case  of  a  protein  which  neutralizes  bases  or  acids 
in  equivalent  molecular  proportions.^ 

In  a  recent  paper  Bayliss^  has  suggested  that  enzyme  action, 
and,  in  particular,  tryptic  digestion  of  proteins,  may  be,  in  part 
at  least,   ** adsorption  phenomena."     Bayliss  himself ,  however, 

>  Robertson,  loc,  cit. 
W.  M.  Bayliss,  Biachetn,  Joum.,  i,  p.  175,  iqo6. 
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finds  that  the  temperature  coefficient  for  what  he  considers  a 
typical  case  of  adsorption,  the  abstraction  of  Congo  red  from  its 
solution  by  filter  paper,  is  ver}'  low,  namely  1.36,  while  the 
temperature  coefficient  for  the  digestion  of  casein  b^'  trypsin  is 
unusually  high  even  for  a  chemical  reaction,  being  ^,^  between 
30®  and  40°  C.  and  estimated  at  12  for  10°  between  o®  and 
30®  C.^  These  abnormally  high  temperature  coefficients  are 
not  at  all  what  would  be  expected  in  what  are  generally  under- 
stood as  adsorption  phenomena,  but  they  are  precisely  what  are 
found  for  reactions  involving  amphoteric  electrolytes.^  The 
abnormally  high  temperature  coefficients  obtained  for  reactions 
involving  ampholytes  have  been  attributed  to  the  very  rapid 
increase  in  dissociation  of  amphoteric  electrolytes  as  the  tempera- 
ture rises.^ 

The  influence  of  salts  upon  the  hydrolysis  of  calcium  caseinate 
by  trypsin  is,  it  is  true,  that  which  might  be  expected  if  the 
acceleration  in  hydrolysis  were  due,  in  the  first  place,  to  the 
"adsorption"  of  the  ferment  by  the  substrate,  for  since  casein 
and  trypsin  are  both  predominantly  acid  in  character,  that  is, 
are  ** negative"  colloids,  adsorption  of  the  one  by  the  other 
would  be  accelerated  by  neutral  salts.*  In  view  of  the  above 
considerations,  of  the  widely  differing  effects  of  salts  upon 
hydrolysis  when  different  substrates  are  used,  and  of  the  fact  that 
this  influence  of  salts  upon  the  hydrolysis  of  calcium  caseinate 
was  to  be  expected  upon  other  grounds,  I  do  not  think  that  this 
fact  affords  a  very  strong  argument  for  adsorption  as  opposed  to 
reaction  by  chemical  equivalents. 

As  Hardy ^  has  pointed  out  "recent  work  on  complex  ions 
has  extended  the  possibility  of  reaction  by  chemical  equivalents 
to  a  point  where  it  seems  to  be  indistinguishable  from  adsorption 
combination,"  and  a  glance  at  the  formulae  for  the  interaction 

■  Bayliss,  Arch,  des  sciences  hioL^  xi,  Suppl.,  p.  261,  1904.  Reprinted 
in  the  Collected  Papers  of  the  Physiological  Laboratory,  University  College, 
London,  vol.  xiii. 

*  Hantzsch.  Ber.  detUsch.  chem.  Gesellsch.,  xxxii,  p.  3066,  1899. 
»  Harold  Lunddn,  Zeiischr.  f.  physik.  Chent.,  liv,  p.  532,  1906. 

*  Bayliss,  Biochem.  Journ.,  i,  p.  175,  1906. 

*  W.  B.  Hardy,  Journ.  of  Physiol.,  xxxi,  p.  302,  1905. 
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of  two  associating  ampholytes,  which  are  given  in  my  paper  on 
the  equilibrium  of  an  associating  ampholyte,  will  serve  to  reveal 
the  fact  that  in  this  direction  also  the  possibilities  of  reaction  by 
chemical  equivalents  can  be  extended  to  cover  such  phenomena. 

If  ** adsorption  combination*'  be  defined  as  ** combination  by 
chemical  equivalents  in  systems  containing  a  large  and  indefinable 
number  of  reacting  units,"  there  can,  of  course,  be  no  doubt  as  to 
its  actual  existence,  but  at  the  same  time  the  term  becomes 
unnecessary.  If,  on  the  other  hand,  **  adsorption  combination" 
be  defined  as  a  purely  physical  phenomenon,  an  alteration  in 
the  distribution  of  a  substance  due  to  changes  in  surface  energy, 
such  as  the  retention  of  potassium  permanganate  by  quartz  sand 
on  the  filtration  of  a  solution  through  it,  its  existence,  again, 
cannot  be  questioned,  but,  again,  the  term  is  unnecessary  and  its 
introduction  as  a  prime  factor  in  reactions  unquestionably  ac- 
companied by  definite  chemical  changes  (such  as  the  hydrolysis 
of  proteins  by  trypsin)  would  appear  of  doubtful  utility. 

If,  however,  **  adsorption  combination  "  be  defined  as  an  expres- 
sion of  ** mechanical  affinity,"  ^  as  a  semi-chemical  phenomenon 
distinct  from  reaction  by  chemical  equivalents,  while  the  pos- 
sibilities of  reaction  by  chemical  equivalents,  opened  out  by  the 
modern  conceptions  of  valency,  complex  ions,  association  com- 
potmds,  ampholytes,  etc.,  are  so  far  from  being  exhausted,  it 
would  appear  premature  to  state  definitely  that  reactions  taking 
place  in  admittedly  complex  and  undefined  chemical  systems 
are  not  essentiallv  chemical  in  character.  There  are  indications 
that  the  phenomenon  of  chemical  reaction  by  equivalents  is  a 
fundamental  one,  based  on  the  structure  of  the  atom  and  of  the 
molecule,  and  until  the  possibilities  opened  up  by  the  recent 
chemical  conceptions  to  which  I  have  alluded  have  been  definitely 
tried  and  found  wanting,  reference  to  **  adsorption  combination  " 
or  "mechanical  affinity"  in  protein  systems  appears  likely  to 
act  rather  as  a  deterrent  from,  than  as  a  stimulus  to,  research. 
That  no  definite  stochiometrical  relations  should  be  found  to 
exist  between  two  complex  systems  of  chemical  entities  (such  as 
two  associating  ampholytes,  etc.),  each  of  the  systems  being 
taken  as  a  unit,  is  not  surprising  and  it  does  not  prove  that 

»  Ostwald,  Lehrhuch  d.  allgem.  Chem.,  2te  Aufl.,  i,  p.  1084,  et  seq. 
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definite  stochiometrical  relations  do  not  subsist  between  the 
individual  constituents  of  the  systems.  The  recognition  of  the 
enormous  importance  of  surface  and  "adhesion"  phenomena 
in  protein  systems  does  not,  to  my  mind,  imply  the  denial  in 
any  specific  case  of  the  law  of  chemical  reaction  by  equivalents, 
and  the  introduction  of  these  phenomena  as  explanatory  in  the 
field  of  definite  chemical  changes  must  be  accepted  with  great 
caution  unless  as  a  part  of  a  general  chemical  theory. 

The  contention  of  Dauwe  ^  that  the  action  between  substrate 
and  enzyme  cannot  be  chemical  because  the  enzyme,  after 
having  been  taken  up  by  such  substances  as  coagulated  white 
of  ^ggt  can  be  extracted  again  by  an  appropriate  solvent,  fails  in 
the  light  of  the  behavior  of  such  acknowledged  chemical  com- 
pounds as  mercuric  sulphate  and  cupric  chloride,  the  sulphuric 
acid  or  hydrochloric  acid  radicles  of  which  can  be  completely 
removed  by  tritiu-ation  with  water.^ 

The  hypothesis  advanced  by  Herzog,^  following  Nemst,  that 
the  reaction  between  trypsin  and  a  protein  substrate  takes  place 
at  the  interface  of  the  colloid  substrate  and  the  medium  at  a 
practically  infinite  velocity  on  account  of  the  high  chemical 
potential  at  the  surface,  so  that  the  apparent  velocity  of  the 
reaction  is  practically  dependent  upon  the  velocity  of  diffusion 
across  the  interface,  rests  upon  a  different  basis  from  the  hypothe- 
ses we  have  hitherto  been  considering,  inasmuch  as  it  falls  within 
the  known  possibilities  of  reaction  by  chemical  equivalents. 
In  the  present  instance,  however,  casein  being  used  as  substrate, 
the  temperature  coefficient  would  appear  to  indicate  that  the 
velocity  measured  is  a  chemical  velocity  and  not  a  diffusion 
velocity;  with  other  substrates,  however,  the  contrary  may 
possibly  be  the  case.* 

»  Dauwe,  Beitr.  z.  chem.  Physiol,  u.  Path.^  vi,  p.  426,  1905. 
a  See,  for  example,  Lescoeur,  Ann.  de  chim.  et  de  phys.,  7  s^r.,   ii,  p. 
97,  1894.     Haywood,  Journ.  of  Physical  Chem.,  i,  p.  411,  1897. 

«  Herzog,  Zeiischr.  f.  physiol.  Chem.,  xli,  p.  416,   1904;    ibid.,  xlviii, 

p.  365»  1906. 

•  For  instance  A.  E.  Taylor  (this  Journal,  ii,  p.  87,  1906)  has  recently 
found  that  in  the  hydroljrsis  of  an  ester  of  low  molecular  weight  by  lipase 
the  temperature  coefficient  is  that  of  a  chemical  reaction,  while  when  a 
colloidal  ester  of  very  high  molecular  weight  is  tised  as  substrate  the 
temperature  coefficient  is  that  of  diffusion  velocity. 
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It  is  generally  acknowledged  that  in  protein  hydrolysis  by 
ferments  the  ferment  combines  in  some  way  with  the  substrate.^ 
Assuming  that  one  molecule  of  trypsin  combines  with  one  mole- 
cule of  protein,  the  compound  subsequently  splitting  up,  setting 
free  the  primary  products  of  digestion  and  regenerating  the 
ferment,  the  most  obvious  relation  to  be  expected  between 
the  time  of  hydrolysis  and  the  amount  of  substrate  hydrolyzed  is 
that  which  would  obtain  in  a  bimolecular  reaction,  one  of  the 
reacting  substances  (in  this  case  the  ferment)  remaining  of 
constant  concentration.  This  would  give  a  relation  log  ^^  -  kft, 
where  a  is  the  initial  substrate  concentration,  z  is  the  amount 
hydrolyzed,  /  is  the  ferment  concentration,  t  is  the  time,  and  k 
is  a  constant,  and  this  is  the  relation  which,  as  we  have  seen, 
has  been  found  experimentally.  On  closer  analysis  of  the  kinetics 
of  such  a  reaction,  however,  this  relation  is  not  by  any  means  so 
obvious  as  might  be  supposed.  Suppose  that  at  any  moment 
the  concentration  of  the  ferment-substrate  compotmd  is  x,  while 
that  of  the  products  of  hydrolysis  is  y,  then  we  have  at  that 
moment,  provided  the  retarding  influence  of  the  small  concen- 
tration of  the  ferment-substrate  compound  can  be  neglected: — 

g-k.f(a-x-y) 

hence,  if        z— x+y 

dz     dx    dy 
dt"dt'^dt 

dz    ,    -,       X      dy 
.-.     --k,f(a-z)+g.^ 

In  order  to  recover  the  equation  experimentally  obtained,  in 
general,  ^^  must  be  negligible,  that  is,  we  must  suppose  that 
the  second  reaction  proceeds  so  rapidly  that  the  velocity  which 
is  measured  is  that  of  the  combination  between  the  ferment  and 
the  substrate,  and  the  products  of  the  second  reaction  may  be 

»  See,  for  instance,  Vernon,  Journ.  of  Physiol.,  xxxi,  p.  346,  1904; 
V.  Henri,  Compt.  rend,  de  la  soc.  bioL,  Iviii,  p.  610;  Bayliss,  Arch,  des 
set,  bioLf  xi,  Suppl.,  p.  261,  1904,  reprinted  in  the  Collected  Papers  of 
the  Physiological  Laboratory,  University  College,  London,  vol.  xiii. 
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regarded,  for  experimental  purposes,  as  being,  at  any  given 
moment,  in  equilibriimi  with  the  ferment-substrate  compound. 

In  the  second  stage  of  the  reaction  the  ferment-substrate 
compound  must  break  down,  yielding  ampholates  of  a  lower 
order  than  the  substrate  and  regenerating  the  ferment.^  It  is 
not  necessary  to  suppose  that  the  subsequent  stages  of  the 
reaction  take  place  at  a  velocity  according  with  the  mono- 
molecular  formula,  nor,  indeed,  to  consider  the  rate  of  change  of 
y  at  all  except  in  so  far  as  it  tends  to  modify  the  concentration 
of  imcombined  ferment.  For  the  rate  of  change  of  the  sub- 
strate being  the  only  qtiantity  measiu-ed  in  the  experiments 
herein  described,  since  the  second  stage  of  the  reaction  pro- 
ceeds at  a  practically  infinite  velocity,  any  irregularities  in  the 
rate  of  change  of  the  products  of  this  reaction  cannot  alter  the 
form  of  the  expression  for  the  rate  of  change  of  the  substrate 
until  the  concentration  of  the  products  becomes  so  great  that 
their  depressant  effect  becomes  measurable.  Hence  a  mono- 
molecular  formula  is  more  likely  to  be  obtained  for  a  reaction 
proceeding  in  multiple  stages  if,  as  in  these  experiments,  the 
rate  of  change  of  the  substrate  is  measured  rather  than  the  rate 
of  appearance  of  the  products. 

The  alterations  in  reaction  of  an  alkaline  or  acid  digest,  as 
digestion  proceeds,  admit,  I  think,  of  a  simple  explanation 
upon  the  basis  of  the  above  conceptions.  Suppose  we  have  an 
alkaline  digest  to  begin  with,  then  the  major  part  of  the  ampho- 
lates will  be  acid  in  character.  Suppose  now  that  a  molecule 
of  the  substrate  splits  up,  two  ampholates  of  a  lower  order  will 
be  produced,  and  since  for  the  consequent  slight  alteration  in 
hydroxyl  concentration  the  acid  character  of  the  ampholates  will 
not  be  sensibly  altered,  the  products  will  neutralize  nearly  twice 
as  much  of  the  alkali  as  the  original  molecule  of  the  substrate. 
Obviously,  the  alkalinity  of  the  solution  will  diminish,  the  more 
slowly  as  time  proceeds,  and  will  tend  asymptotically  towards  the 
value  at  which  the  concentration  of  the  acid  ampholates  equals 

>  Possibly,  in  this  stage,  a  product  of  the  fennent  is  formed  and  sub- 
sequently regenerates  the  ferment.  Since  the  masses  of  the  two  forms 
of  the  ferment  would  always  be  proportional  the  equations  for  velocity, 
etc.,  would  remain  of  the  same  form. 
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that  of  the  basic  ampholates»  that  is,  towards  the  "iseloectric" 
point.    This  obviously  corresponds  with  the  facts  observed. 

V.   CONCLUSIONS. 

I.  A  suspension  of  casein  in  distilled  water  reddens  litmus 
paper  wherever  the  suspended  particles  touch  it,  but  if  this 
suspension  be  filtered  the  filtrate  contains  no  detectable  casein 
and  is  neutral  to  litmus.     An  explanation  is  suggested. 

3.  A  volumetric  method  of  estimating  casein  quantitatively 
is  described  and  examples  are  given  of  the  degree  of  accuracy 
attainable. 

3.  The  maximtmi  amount  of  casein  which  a  given  concentra- 
tion of  calcitmi  hydrate  will  hold  in  solution  is  that  with  which  it 
will  combine  to  form  neutral  calcium  caseinate,  and  the  reaction 
of  the  resultant  solution,  as  estimated  by  indicators,  is  from  io~^n 
to  io"^n. 

4.  No  evidence  was  found  of  the  existence  of  compotmds  of 
casein  with  bases  containing  a  greater  proportion  of  casein  than 
the  neutral  caseinates. 

5.  The  solubility  of  casein  in  a  variety  of  salts  has  been 
estimated.  Casein  is  most  soluble  in  solutions  of  potassium 
cyanide,  then  follow  the  sodium  and  potassium  salts  of  the  fatty 
acids,  while  it  is  least  soluble  in  solutions  of  the  chlorides,  sul- 
phates, and  nitrates  of  the  alkalies. 

t.  The  solubility  of  casein  in  solutions  of  calcium  hydrate 
to  which  various  salts  are  added  has  been  estimated.  The  order 
in  which  the  salts  augment  the  solubility  of  casein  in  calcitun 
hydrate  solutions  is  similar  to  that  in  which  solutions  of  the 
salts  alone  dissolve  casein;  there  are  divergences,  however,  and 
the  solvent  powers  of  calcium  hydrate  and  the  various  salts, 
for  casein,  are  not  additive. 

7.  In  equally  concentrated  solutions  of  casein  the  absence  of 
opalescence  runs  parallel  with  the  solubility  of  casein  in  the 
solutions. 

8.  On  adding  calcium  chloride  to  a  solution  of  neutral  calcium 
caseinate  the  casein  is  precipitated,  presumably  owing  to  the 
diminution  of  dissociation  of  the  caseinate  through  the  addition 
of  the  common  ion. 
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9.  The  reactions  to  indicators  of  solutions  of  neutral  calcium 
caseinate  to  which  varying  quantities  of  alkali  or  acid  have  been 
added  are  described. 

10.  The  reactions  to  indicators  of  solutions  of  neutral  calcium 
caseinate  to  which  various  salts  have  been  added  are  described. 

11.  Grubler's  trypsin,  in  watery  solution,  has  an  acid  reaction 
and  acts  like  an  acid  in  forming  an  insoluble  compound  with  the 
color  base  safranin. 

12.  Neutral  caseinates,  in  solution,  undergo  fairly  rapid 
autohydrolysis,  one  third  of  the  substrate  being  hydrolyzed 
in  twelve  hours  at  38  ®  C.  The  hydrolysis  of  the  caseinates  by 
trypsin,  therefore,  affords. an  excellent  example  of  the  action  of 
an  enzyme  in  accelerating  an  already  existing  reaction. 

13.  The  velocity  of  the  hydrolysis  of  calcitun  caseinate  by 
trypsin  at  moderate  substrate  concentration  [^J^  Ca(OH)2 
and  lower  concentrations  "  saturated  '*  with  casein]  is  directly  pro- 
portional to  the  amount  of  trypsin  present — at  higher  substrate 
concentrations  [^J^^  Ca(0H)2  ''saturated"  with  casein],  if  / 
is  the  concentration  of  the  ferment,  the  velocity  constant  of  the 
hydrolysis  is  equal  to  af+bf^  where  a  and  b  are  constants. 
The  velocity  of  hydrolysis  of  neutral  sodiiun  caseinate  appears  to 
be  directly  proportional  to  the  ferment  concentration  at  all 
substrate  concentrations.  In  explanation  it  is  suggested  that 
at  low  substrate  concentration  the  trypsin  only  attacks  the 
anions  and  cations  of  the  dissociated  acid  and  basic  ampholates 
(types  H+  4-XOH',  HX+  +OH0  set  free  by  hydrolytic  and 
electrolytic  dissociation,  while  at  higher  substrate  concentration 
the  ampho-salts  [types  Na+ +XOH',  NaX+ +0H'.  Ca++ -f 
(X0H)'2.  CaX++  +0H'2]  also  enter  into  the  reaction. 

14.  The  relation  between  the  amount  of  calciiun  caseinate 
hydrolyzed  and  the  time  of  hydrolysis  is,  for  the  earlier  stages 
of  the  reaction,  what  would  be  expected  from  the  formula, 
Jog.-^-Kt. 

15.  The  influence  of  a  variety  of  salts  upon  the  velocity  of 
the  hydrolysis  of  calcitun  and  sodium  caseinates  by  trypsin  is 
described.  In  general,  the  order  in  which  salts  augment  the 
solubility  of  casein  in  calcitun  hydroxide  and  in  which  they 
diminish  the  opalescence  of  a  solution  of  calcium  caseinate  is 
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also    the   order  in  which  they  increase  the  velocity  of  the 
hydrolysis. 

16.  The  acceleration  of  the  hydrolysis  of  calcium  caseinate 
produced  by  sodium  chloride  falls  off  as  the  alkalinity  is 
increased. 

17.  The  acceleration  of  the  hydrolysis  of  calcium  caseinate 
produced  by  a  given  concentration  of  sodium  chloride  is  less, 
relatively,  the  greater  the  concentration  of  the  ferment. 

18.  The  influence  of  the  concentration  of  sodium  chloride 
upon  the  velocity  of  the  hydrolysis  of  calciimi  caseinate  is 
similar  to  its  influence  upon  the  degree  of  swelling  of  gelatin 
plates  in  sodium  chloride  solutions. 

19.  The  hydrion  concentration  in  alkaline  or  acid  digests  of 
calciiun  caseinate  tends  towards  neutrality  as  digestion  pro- 
ceeds. The  reaction  of  neutral  solutions  of  calcium  caseinate 
does  not  appreciably  change  during  digestion. 

20.  In  the  theoretical  .part  of  the  paper  the  above  facts  are 
shown  to  be  in  harmony  with  the  view  that  proteins  may  be 
considered  as  amphoteric  electrol)rtes  which  undergo  association 
in  solution,  while  the  salts  of  the  proteins,  or  the  **ion-proteids,*' 
can  be  regarded  as  ampho-salts  or  disalts  (types  Na+  +XOH', 
HX+  +Cr,  Na+  +XC1',  NaX+  +C10.  The  reaction  between 
a  proteoclastic  enzyme  and  a  protein  is  regarded  as  a  reaction 
between  two  such  associating  ampholytes. 

2 1 .  Reasons  are  advanced  for  regarding  the  action  between  the 
protein  and  the  ferment  as  taking  place  in  successive  groups  of 
two  stages  each,  the  second  reaction  being  supposed  to  proceed 
at  a  very  much  greater  velocity  than  the  first. 

Finally,  I  wish  to  express  my  indebtedness  to  Dr.  A.  E.  Taylor 
for  valuable  hints  regarding  technique  and  manipulation  and 
for  the  loan  of  certain  apparatus,  and  to  Dr.  Loeb  for  his  un- 
remitting interest  in  the  work  and  the  manner  in  which  he  placed 
the  resotxrces  of  the  laboratory  at  my  disposal. 
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Several  years  ago  Dr.  Loeb  ^  described  the  effect  of  various 
salt  solutions  on  the  isolated  centre  of  a  jelly-fish  of  the  Atlantic 
Coast  (Gonionemus) .  He  found  that  the  centre  of  the  jelly- 
fish, which,  as  Romanes  had  observed,  did  not  beat  in  sea- water 
when  separated  from  the  margin,  might  be  caused  to  beat 
rhthmically  by  placing  it  in  pure  sodiiun  chloride  solution. 
These  contractions  could  be  inhibited  by  the  addition  of  calciiun 
or  magnesium  chloride.  Further,  the  isolated  centre  could  be 
made  to  beat  in  sea  water  if  there  were  added,  in  excess,  any 
salt  which  precipitates  calcium.  The  salts  which  were  found 
by  Loeb  to  cause  these  rhythmical  contractions  include  those 
commonly  known  as  saline  purgatives.  This  was  a  continu- 
ation of  work  done  on  the  skeletal  muscles  of  the  frog,  in  which 
it  was  shown"  that  rhythmical  twitchings  could  be  produced 
by  a  group  of  salts  including  the  saline  purgatives  and  could  be 
inhibited  by  calciimi  or  magnesium.  This  suggested  experi- 
ments which  were  carried  out  on  the  intestines  of  rabbits,  in 
which  it  was  shown  ^  that  the  saline  purgatives  produce  rhyth- 
mical and  peristaltic  movements  of  the  intestines  not  only  when 
introduced  intravenously  and  subcutaneously,  but  also  when 
applied  locally  to  the  peritoneal  surface  of  the  intestines. 
Further,  loops  of  the  intestines  isolated  from  the  body  show 
active  rhythmical  contractions  when  placed  in  solutions  of  these 

»  Loeb,  J.,  Amer.  Journ,  of  PhysioL,  iii,  p.  383,   1900. 
a  Loeb,  J.,  Festschrift  fur  Professor  Fick,  Braunschweig,  1899. 
»  MacCalltim,  J.B.,  Amer,  Journ.  of  Physiol.,  x,  pp.  loi  and  259, 
1903-04. 
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salts.  It  was  also  shown^  that  the  dried  extract  of  cascara 
sagrada,  when  dissolved  in  a  diluted  solution  of  sodium  bicar- 
bonate, is  capable  of  causing  active  peristaltic  movements  when 
given  intravenously  or  subcutaneously  or  applied  locally  to  the 
peritoneal  surface  of  the  intestines.  The  experiments  of  Loeb  on 
the  centre  of  Gonionentus  and  his  later  experiments  on  Polyorchis, 
a  jelly-fish  found  in  the  Pacific,  suggested  the  possibility  of 
testing  the  action  of  many  of  the  vegetable  purgatives  on  the 
isolated  centre  of  this  animal.  This  organism  is  of  especial 
interest  for  such  experiments  because  of  the  ease  with  which 
the  contractions  can  be  watched,  and  on  accoimt  of  the  fact  that 
the  centre  can  be  almost  completely  isolated  from  the  nervous 
system,  which  is  present  in  a  ring  about  the  margin.  The 
following  is  a  report  of  a  ntmiber  of  experiments  made  with 
Polyorchis  to  test  the  action  of  various  vegetable  purgatives. 

The  methods  used  were  practically  those  employed  by  Dr. 
Loeb  in  his  experiments  with  salts.  Mixtures  were  made  of 
various  concentrations  of  the  purgative  solutions  with  sea  water. 
These  mixtures  were  placed  in  finger  bowls  on  a  black  stirface. 
The  jelly-fishes  were  cut  in  two  with  scissors  just  above  the 
row  of  sense  organs  so  that  the  entire  nervous  ring  was  separated 
from  the  centre  of  the  animal.  This  centre,  which  under  no 
circtmistances  beats  in  pure  sea  water,  was  then  placed  in  the 
mixture  of  sea  water  and  purgative.  In  each  case  the  optimal 
and  minimal  concentrations  for  the  production  of  contractions 
was  observed. 

Cascara  Sagrada.  The  dried  extract  of  this  substance  as  it 
is  ordinarily  obtained  is  practically  insoluble  in  water.  When 
mixed  with  distilled  water  a  dirty  yellow  suspension  results 
with  apparently  little,  if  any,  of  the  powder  in  solution.  The 
mixture  has  quite  a  strong  acid  reaction  (litmus).  The  addition 
of  a  small  quantity  of  sodium  bicarbonate  causes  the  suspended 
powder  to  be  almost  immediately  dissolved  with  the  production 
of  a  clear  dark  brown  solution.  The  addition  of  a  drop  or  two 
of  an  acid  (e.g.  sulphuric  acid)  precipitates  the  cascara  again.  It 
seems  that  the  extract  is  insoluble  in  water  on  accotmt  of  the 

»  MacCallum,  J.  B.,  University  of  California  Publications ,  Physiology, 
i,  p.  115,  1904. 
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acid  it  contains.     When  this  is  neutralized  the  cascara  goes  into 
solution. 

Solutions  for  experiment  were  therefore  made  by  dissolving 
the  dried  extract  in  dilute  soditun  bicarbonate  solution.  It  is 
possible  to  readily  dissolve  0.5  gram  of  extract  in  25  c.c.  of 
yV  sodium  bicarbonate.  Somewhat  less  concentrated  solutions 
than  this  were  used. 

With  a  solution  of  0.125  gram  of  cascara  in  50  c.c.  of  ^4  sodium 
bicarbonate,  mixtures  were  made  as  follows:  (i)  25  c.c.  of  sea 
water  and  i  c.c.  of  cascara  solution;  (2)  25  c.c.  of  sea  water  and 
2  c.c.  of  cascara  solution;  (3)  25  c.c.  of  sea  water  and  3  c.c.  of 
cascara  solution;  (4)  25  c.c.  of  sea  water  and  5  c.c.  of  cascara 
solution.  In  Mixtures  i  and  2  no  contractions  were  pro- 
duced. In  Mixture  3  active  contractions  appeared  but  with 
some  inconstancy.  This  concentration  did  not  always  seem 
sufficient  to  produce  the  movements.  In  Mixture  4  active 
movements  began  at  once  and  continued  regularly  for  five 
minutes,  sometimes  longer.  These  were  quite  constant,  and 
of  a  regular  rhythm. 

With  a  solution  of  0.25  gram  of  cascara  in  50  c.c.  of  /^  sodiima 
bicarbonate,  mixtures  were  n^iade  as  follows:  (i)  25  c.c.  of  sea 
water  and  i  c.c.  of  cascara  solution;  (2)  25  c.c.  of  sea  water  and 
2  c.c.  of  cascara  solution;  (3)  25  c.c.  of  sea  water  and  5  c.c.  of 
cascara  solution.  In  Mixture  i  there  developed  only  occasional 
contractions  and  no  rhythmical  beating  was  produced.  In 
Mixture  2  strong  regular  beats  began  at  once  and  continued 
for  ten  minutes  or  more.  In  Mixture  3  very  powerful  beats 
began  at  once  but  lasted  only  a  few  minutes. 

With  cascara,  therefore,  it  seems  that  the  optimal  concen- 
tration is  about  that  of  Mixture  2  in  the  last  series,  while  the 
minimal  concentration  is  between  Mixtures  i  and  2. 

These  experiments  are  complicated  by  the  presence  of  sodiiun 
bicarbonate  in  the  solution.  Control  experiments  were  made 
with  mixtures  made  up  of  sea  water  and  -ff  sodium  carbonate 
solution  in  the  same  proportion  as  the  above  mixture  of  sea 
water  and  cascara  solution.  With  all  of  these  mixtures  of  sea 
water  and  sodium  bicarbonate  no  contractions  developed. 
Indeed,  Professor  Loeb  has  told  me  that  he  has  found  that 
the   contractions  of  the  isolated  centre  are  inhibited  by  an 
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alkali.  The  presence  of  sodium  ^bicarbonate,  therefore,  in  the 
above  experiments  would  tend  to  inhibit  the  action  of  the 
cascara.  This  applies  also  to  those  substances  spoken  of  below 
which  it  was  necessary  to  dissolve  in  sodium  bicarbonate. 

Rhubarb.  The  powdered  dry  extract  of  rhubarb  like  that  of 
cascara  sagrada  is  practically  insoluble  in  water.  It  may  be 
brought  into  solution  by  the  same  process  as  that  described 
above  for  cascara.  They  are  soluble  to  about  the  same  extent 
in  j^  soditmi  bicarbonate.  A  solution  was  made  up  of 
0.125  gram  of  dry  extract  of  rhubarb  in  50  c.c.  of  y\  sodium 
bicarbonate.  A  very  dark  brown  solution  resulted.  The 
following  mixtures  were  then  made  and  tested:  (i)  25  c.c.  of 
sea  water  and  o.i  c.c.  of  rhubarb  solution;  (2)  25  c.c.  of  sea 
water  and  0.25  c.c.  of  rhubarb  solution;  (3)  25  c.c.  of  sea  water 
and  0.5  c.c.  of  rhubarb  solution;  (4)  25  c.c.  of  sea  water  and  i 
c.c.  of  rhubarb;  (5)  25  c.c.  of  sea  water  and  2  c.c.  of  rhubarb; 
(6)  25  c.c.  of  sea  water  and  3  c.c.  of  rhubarb;  (7)  25  c.c.  of  sea 
water  and  5  c.c.  of  rhubarb. 

In  Mixture  i  no  contractions  whatever  developed  and  the 
centre  of  the  jelly-fish  was  quite  non-irritable  to  slight  mechan- 
ical stimulations,  such  as  shaking  or  touching  with  a  glass 
rod. 

In  Mixture  2  occasional  feeble  contractions  usually  appeared, 
but  no  regular  beating  of  the  centre  was  produced.  The  centre 
was  not  irritable  to  the  mechanical  disturbances  mentioned 
above. 

In  Mixture  3  the  isolated  centre  began  to  beat  as  soon  as  it 
was  dropped  into  the  fluid.  These  were  strong  regular  beats 
averaging  at  first  about  52  to  the  minute.  They  gradually 
became  slower  and  after  having  gone  on  vigorously  for  ten  to 
fifteen  minutes  they  ceased.  When,  however,  the  finger-bowl 
containing  it  was  gently  shaken  the  centre  renewed  its  beating 
and  gave  half  a  dozen  or  more  fairly  strong  contractions.  Touching 
it  with  a  glass  rod  or  the  point  of  a  forceps  had  a  similar  effect. 
In  other  words,  it  remained  irritable  to  such  stimulations  after 
the  contractions  produced  by  the  drug  had  ceased. 

In  Mixture  4  the  beating  of  the  centre  developed  and  con- 
tinued in  the  same  way  as  in  Mixture  3.  Some  of  the  centres 
placed  in  this  solution  beat  for  more  than  fifteen  minutes  and 
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remained  qtiite  irritable  for  a  time  after  the  contractions  had 
ceased. 

It  may  be  mentioned  that  usually  only  one  and  never  more 
than  two  centres  were  placed  in  the  same  finger-bowl  containing 
only  25  c.c.  fltiid.  This  was  to  make  it  certain  that  the  volimie 
of  fitiid  wotdd  be  relatively  great  as  compared  with  the  volume 
of  the  centre. 

In  Mixtures  5,6,  and  7  strong  contractions  began  as  soon  as 
the  centre  was  placed  in  the  mixture.  They,  however,  were 
more  vigorous  than  lasting  in  character,  and  after  five  to  six 
minutes  they  nearly  always  ceased.  In  stronger  solutions  they 
stopped  still  sooner. 

The  optimal  concentration  of  rhubarb  for  the  production  of 
rhythmical  contractions  in  the  isolated  centre  of  Polyorchis 
seems  to  be  between  that  of  Mixtures  3  and  4.  The  minimal 
concentration  is  about  that  of  Mixture  2. 

Aloin,  This  substance  is  quite  readily  dissolved  in  water. 
A  solution  was  made  of  o.i  gram  of  powdered  aloin  in  25  c.c.  of 
distilled  water.  Mixtures  were  then  made  as  follows:  (i)  25  c.c. 
of  sea  water  and  i  c.c.  of  aloin  solution;  (2)  25  c.c.  of  sea  water 
and  3  c.c.  of  aloin  solution;  (3)  25  c.c.  of  sea  water  and  4  c.c.  of 
aloin;  (4)  25  c.c.  of  sea  water  and  5  c.c.  of  aloin;  (5)  25  c.c.  of 
sea  water  and  6  c.c.  of  aloin  solution. 

In  Mixtures  i  and  2  no  contractions  developed  in  the  isolated 
centre.  In  Mixtiu-e  3  occasional  feeble  contractions  occurred. 
These  were  irregular  and  soon  stopped.  The  centre  was  not 
irritable  to  mechanical  stimulations  in  this  solution. 

In  Mixture  4  regular  beating  of  the  centre  began  at  once  and 
continued  for  ten  minutes.  These  contractions  were  strong 
and  regular.  The  centre  was  irritable  when  shaken  or  touched  for 
some  time  after  the  contractions  produced  by  the  aloin  had  ceased. 

In  Mixture  5  the  beating  of  the  centre  began  as  soon  as  it  was 
immersed.  The  contractions  were  strong  and  regular  and  some- 
what more  rapid  than  in  Mixture  4.  The  centre  continued  to 
beat  for  fifteen  to  twenty  minutes,  the  contractions  gradually 
becoming  slower  until  they  ceased.  After  this  the  centre  was 
still  irritable  and  contracted  on  being  touched.  This  mixture 
seemed  to  be  the  optimal  one  in  the  case  of  aloin,  while  the 
minimal  concentration  is  about  that  of  Mixture  3. 
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Podophyllin.  This  substance  dissolves  only  to  a  very  slight 
extent  in  water.  In  j^  sodium  bicarbonate  a  considerable 
amount  goes  into  solution.  A  solution  was  made  by  shaking 
o-s  gram  of  podophyllin  in  50  c.c.  of  -g^  sodium  bicarbonate. 
This  made  a  brown  mixture  in  which  much  was  undissolved. 
The  filtrate  from  this  was  a  clear  brownish  fluid.  This  was 
used  for  the  experiment,  though  the  concentration  was  not 
known.  Mixtures  were  then  made  of  i,  2,  5,  and  6  c.c.  of  this 
solution  in  25  c.c.  of  sea  water  as  before.  In  the  first  two  mix- 
tures no  contractions  developed  in  the  isolated  centre  of  the 
jelly-fish.  In  the  last  two  mixtures  very  active  beating  of  the 
centre  began  at  once  and  continued  for  three  to  five  minutes. 
These  contractions  were  at  first  quite  regular  but  became  jerky 
and  uneven,  as  though  different  parts  of  the  centre  contracted 
at  different  times.  The  minimal  concentration  lies  between 
that  of  the  second  and  third  mixtures. 

Colocynth.  The  action  of  colocynth  proved  to  be  uncertain. 
It  is  fairly  soluble  in  water,  0.5  gram  of  colocynth  being  dissolved 
in  25  c.c.  of  distilled  water.  No  contractions  were  obtained 
with  mixtures  less  concentrated  than  25  c.c.  of  sea  water  and 
10  c.c.  of  this  colocytith  sj)lution.  In  this  mixture  regular  con- 
tractions were  obtained  in  a  number  of  cases,  but  did  not  appear 
in  other  instances.  Still  stronger  solutions  were  no  more  certain 
in  their  effect. 

It  is  evident  from  these  experiments  that  the  vegetable  pur- 
gatives stimulate  the  isolated  centre  of  Polyorchis  to  contract 
rhythmically,  just  as  Lroeb  showed  was  true  for  the  saline  pur- 
gatives in  the  case  of  Gonionemus.     It  is,  however,  doubtfiil 
whether  this  throws  any  light  on  the  way  in  which  the  vegetable 
purgatives  act.     It  may  be  said  in  a  general  way  that  removing 
the  margin  of  Polyorchis  removes  the  nervous  system  and  leaves 
the  isolated  centre  relatively  free  from  nervous  elements.     There 
is  however  no  good  proof  that  the  centre  is  absolutely  free  from 
nerve  cells  or  fibers.     We  cannot,  therefore,  absolutely  state 
that  the  vegetable  purgatives  act  on  the  mtiscular  tissue  alone 
in  producing  these  contractions,  although  such  a  thing  may  seem 
probable. 
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In  1904  Magnus^  investigated  the  action  of  liver  lipase  on 
amyl  salicylate.  He  employed  a  clear  extract  of  beef  liver 
prepared  by  a  modification  of  Jacoby's  uraiiyl  acetate  method 
and  made  the  interesting  observation  that  its  action  on  amyl 
salicylate  depends  upon  the  presence  of  two  substances  in  the 
extract.  One  of  these  substances  Magnus  foxmd  to  be  of  the 
nature  of  an  enzyme,  that  is,  it  is  non-dialyzable  and  i^  destroyed 
by  boiling,  while  the  other  is  dialyzable  and  is  not  destroyed  by 
boiling.  Magnus  reached  these  conclusions  as  follows:  The 
clear  liver  extract  was  dialyzed  for  several  days  against  running 
water,  when  it  was  found  that  it  had  lost  its  activity.  The 
activity  returned,  however,  on  adding  to  the  dialyzed  extract 
a  quantity  of  boiled  liver  extract  which  had  not  been  submitted 
to  dialysis.  Magnus  was  unable  to  determine  the  nature  of  the 
substance  contained  in  the  boiled  extract  which  brings  about 
the  activation  of  the  dialyzed  extract.  He  investigated  its 
properties,  however,  and  found  that  it  is  soluble  in  water  and  in 
absolute  alcohol,  insoluble  in  ether,  and  that  it  is  destroyed  by 
ashing.  He  tried  to  activate  the  dialyzed  extract  by  adding 
sodiimi  chloride,  leucin,  tyrosin,  glycocoU,  lecithin,  or  biUrubin, 
but  all  failed  to  activate  it.  Magnus  classified*  the  tmknown 
substance  as  a  coferment.  ^ 

The  properties  of  the  coferment  led  the  writer  to  suspect  that 
the  bile  salts  are  the  essential  constituents  in  the  boiled  extract, 
and  on  trial  it  was  foxmd  that  a  solution  of  the  bile  salts  really 
causes  a  return  of  activity  to  the  dialyzed  extract. 

>  Zeitsckr.  f,  pkysiol,  Chem,,  xlii,  p.  149,  2904. 
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coferments  do  not  comprise  a  group  of  similar  substances  having 
many  properties  in  common,  as  in  the  case  of  the  enzymes*  but  on 
the  contrary  they  constitute  a  very  heterogeneous  group  includ- 
ing substances  utteriy  dissimilar  in  their  chemical  nature  and 
properties.    Thus  "enterokinase"  and  "thromboldnase,"  which 
are  destroyed  by  heat,  might  fall  into  this  group  of  coferments. 
We  have  thus  been  able  to  confirm  the  results  of  Magnus  on 
the  action  of  Uver  extract  on  amyl  salicylate,  but  when  ethyl 
butyrate  is  used  entirely  different  restdts  are  reached.     It  has 
repeatedly  been  observed  in  the  course  of  this  work  that  the 
action  of  the  clear  Uver  extract  on  ethyl  butyrate  is  actually 
increased  after  prolonged  (eleven  days)  dialysis.     This  is  not 
invariably  observed,  however,  and  in  most  cases  the  extract  does 
not  alter  materially  in  strength.     Bile  salts  do  not  accelerate  the 
action  of  this  dialyzed  extract  on  ethyl  butyrate.     We  have 
therefore  a  striking  difference  between  the  hydrolysis  of  ethyl 
butyrate  and  amyl  salicylate  by  Uver  extract.    The  fact  brought 
out  by  Magnus  is  by  no  means  of  general  appUcation  and  the  bile 
salts,  far  from  increasing  the  action  ©f  the  clear  Uver  extract  on 
other  esters,  are  generaUy  found  to  materiaUy  inhibit  the  process. 
The  effect  of  bile  salts  on  the  hydrolysis  of  other  esters  will  be 
considered  in  detail  in  a  subsequent  communication  and  also  the 
question  of  the  identity  or  non-identity  of  the  enzymes  which 
hydrolyase  these  esters.     It  is  clear  from  the  experiments  quoted 
that  the  bile  salts  act  as  coferments  only  in  the  hydrolysis  of 
amyl  saUcylate  and  not  in  the  hydrolysis  of  esters — viz.,  in  the 
action  of  Upase — in  general.    We  have  not  determined  the  part 
which  the  bile  salts  play  in  the  hydrolysis.     It  is  to  be  observed, 
however,  that  amyl  saUcylate  is  a  very  insoluble  ester  and  the 
bile  salts  may  possibly  act  by  increasing  its  solubiUty. 

SUMMARY. 

(i)  We  have  been  able  to  confirm  the  observations  of  Magnus 
that  there  exists  a  coferment  for  the  action  of  Uver  extract  on 
amyl  saUcylate. 

(2)  We  have  found  the  coferment  to  be  the  bile  salts. 

(3)  When  ethyl  butyrate  is  used  instead  of  amyl  salicylate 
no  coferment  is  to  be  noted  by  this  method  and  the  bile  salts 
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do  not  accelerate  this  reaction.  Therefore  it  is  not  justifiable  to 
apply  the  term  coferment  to  the  bile  salts  with  reference  to  the 
action  of  lipase  in  general.  It  must  be  stated  that  they  have 
only  been  proven  to  act  as  such  in  the  hydrolysis  of  amyl  sali- 
cylate by  liver  extract. 

Without  postulating  the  identity  or  non-identity  of  the  various 
ester-splitting  enz)nnes,  we  may  say  that  the  bile  salts  constitute 
the  coferment  of  hepatic  amyl  saiicylase.  This  is  merely  a 
convenient  form  of  expressing  the  experimental  results. 

Since  this  paper  was  written  another  communication  from 
Hardin  and  Young  has  appeared^  in  which  they. prove  the 
existence  of  a  coferment  for  zymase. 

«  Proc.  of  the  Royal  Soc.,  Series  B,  Ixxviii,  p.  369,  1906. 
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Kastle  and  Loevenhart^  first  noted  the  remarkable  inhibiting 
action  of  hydrofluoric  acid  and  sodium  fluoride  on  the  ester- 
splitting  property  of  liver  and  pancreas  extracts.  Hanriot^  had 
previously  stated  that  sodiimi  fluoride  does  not  inhibit  the  action 
of  lipase  on  monobutyrin.  Arthus^  has  since  confirmed  the 
statement  of  Kastle  and  Loevenhart  that  sodiimi  fluoride  inhibits 
the  action  of  lipase.  He  found  that  the  action  of  blood  serum 
on  monobutyrin  is  considerably  retarded  by  this  salt.  In  their 
experiments  Kastle  and  Loevenhart  studied  the  effect  of  sodium 
fluoride  on  the  hydrolysis  of  ethyl  acetate  and  ethyl  butyrate  by 
turbid  liver  and  pancreas  extracts.  The  experiments  with  ethyl 
butyrate  and  liver  extract  were  of  fifteen  minutes'  duration;  the 
fluoride  and  hydrofluoric  acid  acted  in  a  dilution  of  i  to  5000. 
The  per  cent,  hydrolysis  was  decreased  from  8.54  to  1. 13  by  the 
sodium  fluoride  and  from  8.54  to  0.63  by  the  hydrofluoric  acid. 
In  connection  with  other  work  to  be  presented  later,  we  were 
led  to  study  more  closely  the  inhibiting  action  of  sodium  fluoride 
on  the  hydrolysis  of  fats  and  lower  esters  with  the  result  that 
our  observations  seemed  sufficiently  interesting  to  warrant 
separate  publication. 

Experitnental  Methods. — Unless  otherwise  stated  the  enzymic 
preparations  used  in  this  work  Were  from  the  liver  and  pancreas 
of  the  pig.  In  a  few  instances  corresponding  preparations  from 
the  dog  were  employed.     We  have  used:  (i)  turbid  extracts  of 

»  Amer.  Chem.  Journ.,  xxiv,  p.  491,  1900. 
*  Arch,  de  physioL,  x,  p.  797,  1898. 
i  Jotirn.  de  physioL,  iv,  p.  56.  icoa. 
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these  organs  prepared  by  grinding  10  grams  of  the  fresh  tissue 
with  coarse  white  sand  and  extracting  with  water.  This  was 
then  strained  through  cloth  and  the  total  volume  made  up  to 
100  c.c.  Toluene  was  always  added  as  the  preservative.  This 
preparation  we  shall  refer  to  as  10  per  cent,  turbid  extract. 
(2)  Clear  liver  extracts  prepared  as  follows:  The  turbid  liver 
extract  just  described  was  placed  in  the  thermostat  at  40°  C. 
for  about  eighteen  hours,  when  coagulated  masses  appeared.  It 
was  then  repeatedly  filtered  through  an  ordinary  pleated  filter, 
when  a  perfectly  clear  highly  active  filtrate  is  invariably  ob- 
tained. The  color  of  this  filtrate  varies  from  a  straw  color  to 
bright  red.  We  shall  refer  to  this  undiluted  preparation  as  clear 
10  per  cent,  liver  extract,  and  in  experiments  in  which  it  was 
diluted  the  degree  of  dilution  will  be  indicated  by  the  per  cent. 
The  correspdnding  preparation  from  the  pancreas  has  only  very 
slight  activity,  the  enzyme  apparently  remaining  in  the  coagulum . 
We  have  obtained  clear  extracts  of  the  pancreas  by  the  method 
proposed  by  Kastle,  Johnston,  and  Elvove  ^  for  obtaining  clear 
extract  of  the  liver.  One  gram  of  fresh  pig  pancreas  was  ground 
up  with  sand  and  extracted^  with  75  c.c.  of  water.  Then  2  c.c. 
of  Yu  sodium  hydroxide  were  added  and  the  mixture  warmed  on 
the  water  bath  to  38°  C.  when  3.5  c.c.  of  yV  butyric  acid  were 
added.  This  causes  a  coagulum  to  separate  and  on  filtering  a 
very  faintly  opalescent  filtrate  is  obtained.  While  the  filtrate 
has  some  activity  it  is  very  decidedly  less  active  than  the  turbid 
extract.  The  experiments  were  conducted  with  ethyl  acetate, 
ethyl  butyrate,  diacetin,  triacetin,  and  olive  oil.  The  first  four 
were  employed  in  such  quantities  that  for  complete  saponification 
they  would  require  approximately  40  c.c.  of  ^  sodium  hydroxide. 
That  is  to  say  they  were  employed  in  acid-equivalent  but  not  in 
molecular-equivalent  quantities.  This  was  done  because  Kastle 
and  Loevenhart2  found  the  hydrolysis  to  be  largely  independent 
of  an  excess  of  the  ester,  and  furthermore  it  has  been  repeatedly 
shown  that  the  acid  produced  inhibits  further  hydrolysis.  For 
these  reasons  the  esters  were  employed  in  quantities  which  would 
yield  equivalent  amounts  of  acid  on  complete  hydrolysis.     The 

>  Anter.  Chem.  Journ.,  xxxi    p.  521.  1904. 
a  Loc.  cit. 
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quantities  actually  used  were  as  follows:  ethyl  acetate — 0.1747 
gram,  ethyl  butyrate  —  0.23  gram,  diacetin  —  0.1714  gram, 
triacetin — o.  1497  gram.  Three-tenths  of  a  gram  of  neutral  olive 
oil  was  used  in  each  experiment  unless  otheirwise  stated.  This 
amount  would  require  21.36  c.c.  of  -f^  potassium  hydroxide  to 
saponify  it.  The  titrations  in  the  experiments  with  the  lower 
esters  were  made  with  -^  aqueous  sodium  hydroxide.  In  some 
experiments  litmus  was  used  as  the  indicator,  in  others  phenol- 
phthalein,  no  difference  between  the  two  being  noted  in  the  exper- 
iments with  clear  extracts.  When  turbid  extracts  were  employed , 
Utmus  was  always  used.  In  the  experiments  with  oUve  oil 
20  c.c.  of  neutralized  85  per  cent,  alcohol,  made  up  from  absolute 
alcohol,  were  added  at  the  conclusion  of  the  incubation  and  the 
titration  carried  out  with  y^  alcoholic  potassiimi  hydroxide, 
phenolphthalein  being  used  as  the  indicator.  All  the  experi 
ments  were  carried  out  in  the  thermostat  at  38°-40°  C?  Toluene 
was  used  as  the  antiseptic.  Blanks  of  two  kinds  were  carried 
through  with  each  series :  (i)  Experiments  with  the  active 
enzyme  without  the  addition  of  ester;  (2)  experiments  with  the 
boiled  extracts  to  which  the  ^ster  was  added.  The  initial  acidity 
has  always  been  deducted  in  the  numbers  given.  The  amount 
of  acid  formed  in  these  blanks  wa^  insignificant  except  in  one 
case  which  will  be  pointed  out  later. 

The  numbers  given  in  the  tables  which  follow  state  the  amount 
of  yV  alkali  in  cubic  centimeters  reqtdred  to  neutralize  the  acid 
produced  by  the  action  of  the  enzyme  on  the  ester.  All  necessary 
deductions  have  been  made.  The  duration  of  the  experiments 
varied  and  will  be  given  in  connection  with  each  series.  As  will 
be  seen  in  the  tables,  duplicate  experiments  were  carried  through 
in  many  instances.  The  averages  of  identical  experiments  are 
given  and  these  were  used  in  the  calculation  of  the  inhibition  or 
acceleration.  In  the  tables  the  concentration  of  the  sodiimi 
fluoride  in  the  total  mixture  is  given. 

EFFECT  OF  SODIUM  FLUORIDE  ON  THE  HYDROLYSIS  OF  OLIVE  OIL 
AND  ETHYL  BUTYRATE  BY  lO  PER  CENT.  TURBID  PANCREAS 

EXTRACT. 

Series  I. — Duration  of  experiments,  20  hours.     Temperature,  38**  C. 
One  c.c.  of  a  10  per  cent,  turbid  pancreas  extract  and  4  c.c.  of  water, 
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or  3  c.c.  of  water  and  i  c.c.  of  sodium  fluoride  solution  were  used  in  each 
experiment. 

The  total  volume  in  each  case  therefore  was  5  c.c. 


No.  of  Ex- 

Concentration 
of  Na  F. 

Olive  Oil. 
Grains. 

Increase  in  Acidity. 

Per  cent.  <rf 

penment. 

(1) 

(2) 

Average. 

Inhibition. 

1 
2 
3 
4 
5 
6 

0.0 

0.0 

1 :  50.000 

1:5.000 

1:500 

1:250 

0.0 
-0.3 

it 

6.7 

9.55 

9.25 

8.50 

6.65 

6.30 

9.30 
8.75 
7.90 
6.25 
5.95 

6.7 

9.42 

9.00 

8.20 

6.45 

6.12 

4.5 
13.0 
31.5 
35.0 

In  Experiment   i  of  the  above  series  the  pancreas  extract 
showed  a  large  production  of  acid  on  standing  even  when  no 
olive  oil  was  added.     This  has  always  been  observed.      It  is  un- 
doubtedly to  be  attributed  to  the  hydrolysis  of  the  fat  of  the 
pancreas  itself,  which  is  invariably  present  in  the  turbid  extract. 
This  large  production  of  acid  in  the  turbid  pancreas  extract  is 
not  observed  in  aqueous  titrations  and  is  therefore  due  to  the 
higher  fatty  acids.     As  shown  in  Experiments  2  and  3 ,  the  acid 
production  was  considerably  increased  by  the  addition  of  olive 
oil.     Furthermore,  the    acid   production   is   decreased    by    the 
presence  of  sodium  fluoride,  i':  2  50  (Exp.  6),  to  a  point  below  that 
observed  in  Experiment  i  in  which  neither  olive  oil  nor  fluoride 
was  added.     It  will  be  observed  that  the  dupUcate  experiments 
do  not  show  a  perfect  agreement.     This  is  probably  due  to  the  fact 
that  in  measuring  these  turbid  extracts,  in  spite  of  thorough 
shaking  before  each  filling  of  the  pipette  unequal  amounts  of  the 
suspended  material  ^ere  obtained.     The  agreement  is  sufficiently 
close,  however,  for  our  purpose.     Although  the  differences  be- 
tween some  of  the  duplicates  are  nearly  as  great  as  the  differ- 
ence seen  with  different  concentrations  of  sodium  fluoride,  yet 
the  averages  show  distinctly  that  with  increasing  dilution  the 
inhibiting  action  of  the  fluoride  gradually  decreases.     When  the 
sodium  fluoride  acted  in  a  concentration  of  i :  50,000  (Exp.  3) 
practically  no  inhibition  (4.5  per  cent.)  was  noted.     It  was  very 
important  for  our  purpose  to  make  an  accurate  comparison  of  the 
inhibitory  effect  of  sodium  fluoride  on  the  hydrolysis  of  olive  oil 
and  ethyl   butyrate   under   conditions   as   nearly   identical  as 
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possible.  It  was  necessary  in  making  this  comparison  to  use  an 
extract  which  has  considerable  action  on  both  of  these  substances. 
As  will  be  pointed  out  later  liver  extract  has  very  little  action 
on  olive  oil,  whereas  pancreas  extract  is  quite  active  on  both. 
Therefore,  two  series  (II  and  III)  of  experiments  were  carried 
through  simultaneously  which  were  identical  in  all  respects 
except  that  olive  oil  was  used  in  one  series,  while  ethyl  butyrate 
was  employed  in  the  other.  It  was  necessary  to  use  the  same 
extract  for  both  series  because  the  effect  of  the  fluoride  varies 
to  a  certain  extent  with  different  extracts. 

Series  II, — Duration  of  experiments,  20  hours.     Temperature,  38**   C. 

Two  c.c.  of  a  turbid  10  per  cent,  pancreas  extract  and  3  c.c.  of  water,  or 
2  c.c.  of  water  and  i  c.c.  of  sodium  fluoride  solution,  were  used  in  each 
experiment.     The  total  volume  in  each  case,  therefore,  was  5  c.c. 


Increase  in  Acidity. 

No.  of  Ex- 

Concentration 
of  NaF. 

Olive  Oil. 
Grams. 

Per  cent,  of 
Inhibition. 

Per  cent,  of 
Accelera- 
tion. 

periment. 

(1) 

(2) 

Average. 

1 

0.0 

0.0 

3.1 

3.15 

3.12 

• 

2 

0.0 

0.3 

6.15 

6.10 

6.12 

3 

1 : 5,000,000 

6.90 

6.95 

6.92 

13 

4 

1 :  500,000 

6.30 

6.90 

6.60 

8 

5 

1 :  50,000 

6.05 

6.80 

6.42 

— 

5 

6 

1 : 5.000 

5.20 

6.65 

5.92 

3 

— 

7 

1:500 

3.10 

3.05 

3.07 

50 

^^ 

We  wish  to  emphasize  that  we  do  not  attach  much  significance 
to  small  results  as  the  method  is  hardly  trustworthy  for  small 
differences.  There  is  no  doubt,  however,  that  the  fluoride, 
1:5,000,000  (Exp.  3),  accelerated  the  process.  We  have  fre- 
quently seen  such  accelerations  when  very  small  amounts  of  the 
fluoride  are  used.  Similar  results  have  been  obtained  with  the 
esters  as  will  be  pointed  out.  It  has  been  observed  by  various 
investigators  that  in  many  instances  a  substance  which  in  ordi- 
nary concentrations  exerts  a  powerful  retarding  influence  on  a 
process,  may  in  great  dilution  accelerate  it.  This  has  been  ob- 
served with  remarkable  frequency  and  the  case  imder  considera- 
tion is  no  exception  to  the  rule.     This  fact  deserves  recognition. 
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Series  III. — Conditions  identical  in  all  respects  to  Series  II,  except 
that  ethyl  but)rrate  was  used  instead  of  olive  oil. 


No.  of  Ex- 

Concentration of 

Increase  in  Acidity. 

Per  cent  ol 

periment. 

NaP. 

(1) 

(2) 

Average. 

InhitntioB. 

1 

0.0 

9.58 

8.98 

9.28 

2 

5,000,000 

9.13 

9.03 

9.08 

2 

3 

.  500,000 

9.03 

8.53 

8.78 

5 

4 

:  50,000 

7.53 

7.78 

7.65 

18 

5 

:  5,000 

2.93 

2.73 

2.83 

70 

6 

:500 

1.38 

1.38 

1.38 

85 

The  comparison  of  Series  II  with  Series  III,  in  the  following 
summary,  shows  that  the  action  of  turbid  pancreas  extract  on 
ethyl  butyrate  is  inhibited  to  a  much  greater  extent  by  the 
fluoride  than  is  the  action  on  olive  oil. 


NaF 
Olive  oil 
Ethyl  but)rrate 


Inhibition. 


1 : 5,000.000 

0.0. 
2  per  cent. 


1 :  500,000 

0.0 
5  per  cent. 


1 :  50,000 

0.0 

18  per  cent. 


1 : 5.000 

2perc't 

70  per  c't 


1:500 
SOperc't 
85  perc't 


Thus  the  concentration,  1:5,000,000,  was  approximately  the 
vanishing  point  of  the  inhibition  with  the  butyrate,  while 
i:  5,000  represented  the  same  point  with  the  olive  oil.  Viewed 
in  this  way  therefore,  the  inhibiting  effect  of  the  fluoride  on  the 
hydrolysis  of  the  butyrate  is  about  one  thousand  times  as  great 
as  on  the  hydrolysis  of  olive  oil.  In  some  experiments  with  a 
specially  prepared  pancreas  powder  we  have  been  able  to  inhibit 
the  action  on  ethyl  butyrate  to  the  extent  of  85  per  cent,  by 
means  of  sodium  fluoride  i:  5,000,  while  the  action  on  olive  oil 
showed  no  inhibition  whatever  under  the  same  conditions. 


EFFECT  OF  SODIUM  FLUORIDE  ON  THE  HYDROLYSIS  OP  ESTERS  BY 

CLEAR  LIVER  EXTRACT. 

The  action  of  clear  liver  extract  on  the  lower  esters  proved 
to  be  even  more  sensitive  to  the  fluoride  than  the  action  of  the 
turbid  extracts  of  the  pancreas. 
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Series  IV. — Duration  of  experiments,   17  hours.     Temperature,  40®  C. 

One  c.c.  of  clear  10  per  cent,  extract  of  pig  liver,  0.23  gm.  of  ethyl 
butyrate,  and  4  c.c.  of  water,  or  3  c.c.  of  water  and  i  c.c.  of  soditun 
fluoride  solution,  were  used  in  each  experiment. 


No.  of  Ex- 

Concentration  of 
NaF. 

Increase  in  Acidity. 

Per  cent,  of 
Inhibition. 

penment. 

(1) 

(2) 

Average 

1 
2 
3 
4 

0.0 

1 :  5.000,000 
1 :  500,000 
1 :  50,000 

8.43 
7.95 
3.85 
1.08 

8.47 
8.25 
3.70 
1.07 

8.45 
8.15 
3.78 
1.08 

3.5 
55 
87 

Thus  the  fluoride  when  acting  in  a  concentration  of  i :  500,000 
depresses  the  actions  over  50  per  cent,  but  at  a  dilution  of  i  :5,ooo,- 
000  very  little  inhibition  was  noted  in  this  series.  The  effect  of 
the  fluoride  i :  5,000,000  varied  in  different  series.  In  some  cases 
it  caused  an  inhibition  of  as  high  as  11  per  cent.,  while  in  one 
instance  it  caused  an  acceleration  of  6  per  cent.  The  action  of 
the  fluoride  varies  considerably  with  different  esters  of  the  lower 
fatty  acids.  In  this  connection  we  have  studied  the  behavior 
towards  ethyl  acetate,  diacetin,  and  triacetin. 

Series  V. — Ethyl  acetate.  Experiments  were  performed  in  manner  de- 
scribed in  previous  series.     Duration,  18  hours  at  40®  C. 


No.  of 
Experiment. 

Concentration  of 

Increase  in  Acidity. 

Per  cent,  of 

NaF. 

(1) 

(2) 

Averase. 

Inhibition. 

1 
2 
3 
4 
5 
6 

0. 

0 

:  50,000,000 
.  5,000,000 
:  500.000 
:  50,000 

5.000 

4.43 
3.94 
2.23 
0.65 
0.15 
0.10 

4.19 
3.95 
2.08 
0.60 
0.15 
0.13 

4.31 

3.95 
2.16 
0.63 
0.15 
0.12 

8 
50 
85 
96.5 
97.2 

« 

Series  VI. — Diacetin.     Otherwise,  same  as  above. 


No.  of  Ex- 

Concentration  of 
NaF. 

Increase  in  Acidity. 

Per  cent,  of 

I>erinient. 

(1) 

(2) 

Averse*. 

Inhibition. 

1 
2 
3 
4 

0.0 

1 :  500,000.000 
1 :  50.000,000 
1 : 5.000.000 

2.4 
2.41 
2.19 
1.22 

2.2 
1.97 
1.80 
1.40 

2.3 
2.19 
2.00 
1.31 

■  ■  ■  "1 

5 
13 
43 
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Series  VII. — Triacetin.     Conditions  same. 


No.  of  Ex- 

Concentration  of 
NaF. 

Increase  in  Acidity. 

Per  cent,  of 

penment. 

(1) 

(2) 

Average. 

InhitntM)!!. 

1 
2 
3 

0.0 

1 :  50,000.000 

1 : 5,000,000 

2.4 
2.1 
1.67 

2.6 

2.68 

1.50 

2.5 

2.39 

1.58 

4 
37 

The  last  three  series  of  experiments  show  that  these  three  esters 
of  acetic  acid  show  about  the  same  degree  of  inhibition.  It  seems 
to  make  little  difference  whether  the  combined  alcohol  is  ethyl 
alcohol,  or  glycerin.  On  comparing  them  with  ethyl  butyrate 
(Series  IV)  it  will  be  seen  that  the  hydrolysis  of  the  latter  is 
inhibited  to  a  much  less  extent  than  the  esters  of  acetic  acid. 
The  inhibition  with  acetic  esters  is  about  ten  times  as  great  as 
with  the  butyrate  ester  calculated  from  the  values  found  with 
sodium  fluoride,  i:  5,000,000. 

In  order  to  determine  whether  the  inhibition  is  influenced  bv 
the  proportion  of  fluoride  to  enzyme,  a  series  was  carried  out  in 
which  the  amount  of  enzyme  varied,  while  the  concentration  of 
the  fluoride  in  all  the  tubes  was  the  same,  viz.,  i:  100,000. 

Series  VIII. — Duration  of  experiments,  24  hours.  Temperature.  40®  C 
Ten  per  cent,  clear  extract  of  pig  livet,  ethyl  butjrrate,  Na  F  in  ever)' 
experiment,  i  :i 00,000.     The  total  volume  was  $  c.c.  in  each  experiment. 


No.  of  Ex- 

Liver 
Extract. 

NaF. 

C.C.  of  ?«  NaOH  Required. 

Per  cent,  of 

periment. 

(1) 

(2) 

Averafire. 

Retardation. 

1 

4 

11.97 

12.32 

12.14 

2 

4 

+ 

5.87 

5.77 

5.82 

52 

3 

2 

— . 

10.41 

10.56 

10.48 

__ 

4 

2 

+ 

3.26 

3.06 

3.16 

70 

5 

1 

— 

8.48 

8.43 

8.45 

6 

1 

+ 

1.86 

1.86 

1.86 

78 

7 

i 

_- - 

5.97 

5.87 

5.92 

8 

i 

+ 

0.52 

0.52 

0.52 

91.2 

9 

^ 

— 

3.89 

3.69 

3.79 

_. 

10 

A 

4- 

0.14 

0.19 

0.16 

95.8 

From  this  series  of  experiments  we  see  that  for  a  given  strength 
of  sodium  fluoride  the  smaller  the  amount  of  enz}'tne  acting  the 
greater  is  the  percentage  inhibition.     This  proves  that  there 
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exists  a  quantitative  relationship  between  the  enzyme  and  the 
fluoride.  We  will  return  to  the  significance  of  this  result  later. 
By  using  very  dilute  liver  extract  it  is  possible  to  show  that 
the  fluoride,  i:  100,000,000,  exercises  a  distinct  inhibiting  action 
on  the  process,  as  shown  in  the  following. 

Series  IX. — Duration  of  experiments,  20  hours.  Temperature,  39°  C. 
One  c.c.  of  10  per  cent,  clear  liver  extract  was  diluted  to  16  c.c.  with 
water  and  i  c.c.  of  this  was  used  in  each  experiment  together  with  ethyl 
butyrate,  and  4  c.c.  of  water,  or  3  c.c.  of  water  and  1  c.c.  of  sodium 
fluoride. 


No.  of  Ex- 

Concentration of 
NaF. 

C.C.  of  S'o  NaOH  Required. 

Per  cent, 
of  Retard- 

periment. 

(1) 

(2) 

(3) 

Average. 

ation. 

1 
2 
3 

• 

0.0 

1:1,000,000,000 
1 :  100.000,000 

5.20 
5.08 
4.95 

5.13 
5.10 
4.68 

5.05 
5.11 
5.02 

5.13 
5.10 
4.88 

0.6 

4.9 

Another  series  of  experiments  was  performed  with  even  more 
dilute  liver  extract. 

Series  X. — Duration  of  experiments,  17  hours.  Temperature,  41°  C. 
One  c.c.  of  10  per  cent,  clear  liver  extract  was  diluted  to  100  c.c.  with 
water  and  i  c.c.  of  this  was  used  in  each  experiment  together  with  ethyl 
butyrate  and  4  c.c.  of  water,  or  3  c.c.  of  water  and  i  c.c.  of  sodium 
fluoride. 


No.  of  Ex- 

Concentration  of 
NaF. 

c.c.  of  10  NaOH  Required. 

Per  cent,  of 

penment. 

(1) 

(2) 

Average. 

Acceleration. 

1 
2 
3 

0.0 

1:1.000,000,000 
1 :  100,000.000 

1.10 
1.31 
1.13 

0.95 
1.34 
0.97 

1.02 
1.32 
1.05 

29 
3 

• 
• 

Thus  with  this  very  dilute  extract  the  fluoride,  i:  1,000,000,000, 
caused  a  remarkable  acceleration  in  the  process.  We  have 
already  pointed  out  that  the  fluoride  when  acting  in  very  dilute 
solution  also  accelerates  the  action  on  olive  oil,  but  the  amount 
required  to  show  the  acceleration  with  olive  oil  would  be  sufficient 
to  very  greatly  inhibit  the  action  on  the  lower  esters. 

It  was  frequently  noted  after  titrating  a  series  that  those  tubes 
which  contained  the  fluoride  developed  acid  much  faster  than  the 
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corresponding  tubes  in  which  no  fluoride  was  present.  Thus 
Tubes  3  and  4  of  Series  VIII  were  allowed  after  titration  to  stand 
one  hour  at  room  temperature  when  they  were  again  titrated. 

No.  3  (no  fluoride)  required  0.55  c.c.  of  iV  NaOH 

No.  4  (fluoride.  1:100.000)  required  3.10  c.c.  of  /^  NaOH. 

This  fact  proves  that  the  fluoride  does  not  destroy  the  enzyme 
but  merely  inhibits  its  action.  ^  It  has  been  shown  repeatedly  that 
the  enzyme  is  destroyed  by  acids,  and  since  the  tubes  containing 
no  fluoride  developed  such  a  large  amount  of  acid  during  the 
incubation,  the  enzyme  in  these  tubes  was  largely  destroyed. 
The  fluoride  by  inhibiting  the  action  of  the  enzyrne  decreased 
the  amount  of  acid  to  which  the  enzyme  was  exposed  during  the 
incubation  and  thus  indirectly  conserved  it.  This  is  probablv 
the  principal  reason  why  the  fluoride  tubes  show  a  greater  acid 
production  than  the  water  tubes  after  the  titration.  We  found, 
however,  that  there  is  at  least  one  other  important  factor  which 
must  be  taken  into  consideration  here.  It  is  this:  The  in- 
hibiting action  of  the  fluoride  increases  as  acid  develops. 
This  was  shown  by  the  following  experiments: 

(1)  1  c.c.  of  clear  10  per  cent,  extract  of  pig's  liver. 
4  c.c.  of  water. 

Ethyl  butyrate. 
Litmus. 

(2)  Exactly  the  same  as  No.  1. 

(3)  1  c.c.  of  the  same  liver  extract. 
3  c.c.  of  water. 

1  c.c.  of  sodiimi  fluoride  (1:10,000). 
0.26  c.c.  of  ethyl  butjrrate. 
Litmus. 

(4)  Exactly  the  same  as  No.  3. 

Tubes  I  and  3  were  kept  constantly  very  near  the  neutral  point  by 
adding  g'V  NaOH  as  rapidly  as  they  became  acid.     Tubes  a  and  4  were 


>  Note  added  during  proofreading. — We  have  foimd  that  the  fluoride 
may  be  completely  removed  from  the  extract  by  dialysis  leaving  the 
enzyme  iminjured.  The  activity  after  dialysis  was  as  great  as  that  of 
the  extract  which  had  not  been  treated  with  the  fluoride. 
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allowed  to  stand  at  room  temperature.    All  of  the  experiments  lasted 
36  minutes.     The  restilts  were  as  follows: 

Per  cent,  of 
Remarks.  Inhibition. 

(1)  required  5.02  c.c.  to  NaOH.     Kept  at  neutral  point.  — 

(3)  ••        2.62   *•  ••  "       •*       "  "  47.6 

(2)  *'        1.70   "  "  Acid  allowed  to  accumulate. 

(4)  *•        0.35   "  "  "  **        "  "  79.4 

Thus  the  tubes  which  were  kept  as  nearly  neutral  as  possible 
showed  much  less  percentage  inhibition  than  those  in  which 
the  acid  was  allowed  to  accumulate.  Hence  the  inhibiting 
action  of  the  fluoride  becomes  greater  as  acid  develops.  The 
probable  explanation  of  this  is  that  hydrofluoric  acid  is  a  more 
powerful  inhibitor  than  sodium  fluoride  and  as  the  solution  be- 
comes more  acid  more  hydrofluoric  acid  is  produced.  The  fact 
that  an  inhibition  of  47.6  per  cent,  was  noted  even  when  the 
mixture  was  kept  neutral  proves,  however,  that  sodium  fluoride 
is  a  powerful  inhibitor  in  itself  entirely  independent  of  the  pro- 
duction of  hydrofluoric  acid.  Hydrofluoric  acid  is  quite  weak 
and  even  the  organic  acids  can  decompose  sodium  fluoride  with 
the  production  of  hydrofluoric  acid.  The  difference  observed  in 
the  inhibiting  effect  of  the  fluoride  on  different  esters  may  be  in 
part  attributed  to  variations  in  the  amount  of  hydrofluoric  acid 
produced  by  the  acids  resulting  from  the  hydrolysis.  We  are 
sure,  however,  that  this  does  not  explain  the  very  great  difference 
noted  between  the  esters  of  the  lower  and  higher  fatty  acids 
because  even  when  the  mixtures  were  kept  neutral  in  the  above 
experiments,  the  fluoride  i:  50,000  caused  an  inhibition  of  47.6 
per  cent,  whereas  sodium  fluoride  1:50,000  only  very  slightly 
inhibits  the  action  on  olive  oil. 

Three  facts  prove  conclusively  that  the  inhibition  caused  by 
the  fluoride  is  in  no  way  connected  with  the  precipitation  of 
calcium,  viz:(i)  The  amount  of  fluoride  reqtiired  is  so  small 
that  at  such  dilution  calcium  fluoride  is  soluble:  (2)  Ammonium 
oxalate  does  not  inhibit  the  reaction  to  any  extent:  (3)  The 
addition  of  calcium  chloride  does  not  decrease  the  inhibiting 
action  of  the  fluoride. 

In  order  to  be  sure  that  the  inhibiting  action  possessed  by 
the  fluoride  is  not  shared  by  other  salts,  a  series  was  carried 
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through  with  the  other  halides  of  soditun  and  potassium  and 
with  several  other  substances. 

Series  XI. — Dtiration  of  experiments,  21  hoiirs.  Texnperattire,  38®  C. 
One  c.c.  of  a  10  per  cent,  clear  extract  of  dog  liver,  ethyl  but3rrate,  and 
4  c.c.  of  water,  or  3  c.c.  of  water  and  z  c.c.  of  the  solution  (i :  250),  were 
used  in  each  experiment.  The  substance  therefore  acted  in  a  con- 
centration of  1 : 1250. 


No.  of  Ex- 

A  NaOH  Re- 

Per  cent,  of 

Per  cent,  of 

perixueut. 

Substance. 

quired. 
C.C. 

Retardation. 

1 

Water 

5.12 

2 

NaCl 

4.35 

15 

_^ 

3 

NaBr 

5.25 

3 

4 

Nal 

4.30 

16 

5 

KCl 

4.40 

14 

6 

KBr 

4.65 

9 

- 

7 

KI 

4.20 

18 

«^ 

8 

NaNO, 

4.05 

21 

9 

KNO, 

4.05 

21 

10 

CaCl, 

4.15 

19 

- 

11 

BaCl, 

4.70 

8 

____ 

12 

MnCl , 

4.70 

8 

13 

CdCl, 

3.50 

32 

«i_„ 

14 

NaaHPO* 

6.50 

— 

27 

15 

Na,Fe(CN),NO 

2.50 

51 

16 

K,Cr04 

5.75 

— 

12 

17 

NH4CNS 

2.75 

46 

18 

CS(NH,), 

5.20 

^^^ 

2 

Thus  we  have  been  unable  to  find  any  substance  which  exercises 
an  effect  on  the  reaction  which  is  comparable  to  that  of  the 
fluoride.  Several  interesting  facts  are  brought  out  in  the  table, 
however.  A  comparison  of  the  halides  of  sodium  and  potassium 
shows  that  in  both  cases  the  bromide  inhibits  the  reaction  less 
than  the  chloride  or  iodide.  In  the  case  of  halides  and  the 
nitrate  practically  no  difference  is  seen  between  the  sodium 
and  potassiimi  salts.  The  chlorides  of  calcium,  barium,  man- 
ganese, and  cadmium  all  inhibit  the  process.  The  results 
obtained  with  ammonium  sulphocyanate  and  thiourea  are  inter- 
esting. The  former  exercises  a  marked  inhibiting  action,  while 
the  latter  is  practically  without  eflFect.    Kastle  and  Loevenhart* 


>  Amer,  Chem*  Journ,^  xxix,  p.  397,  1903 
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found  exactly  the  same  thin^  in  their  work  on  liver  catalase. 
Here  also  the  sulphocyanate  exercised  a  marked  inhibiting 
effect,  while  its  isomer,  thiotirea,  somewhat  accelerated  the 
decomposition. 

Thus  the  action  of  soditmi  fluoride^  is  perfectly  characteristic  as 
far  as  we  have  been  able  to  determine  and  the  question  presents 
itself,  What  is  the  mode  of  action  of  the  fluoride?  Does  it  act 
on  the  enzyme  or  on  the  ester?  It  is  impossible,  in  the  present 
state  of  knowledge  of  enzyme  action,  to  give  all  the  possible  ways 
in  which  an  enzymic  process  may  be  affected  by  a  substance. 
We  may  say,  however,  in  a  general  way  that  there  are  at  least 
five  general  modes  of  action  by  which  a  foreign  substance  (i.  e. 
a  substance  which  is  not  essential  to  the  process  or  a  product 
of  the  reaction)  may  accelerate  or  retard  an  enzymic  process, 
(i)  It  may  react  with  the  enzyme.  The  inhibiting  and  destruc- 
tive action  of  acids,  in  general,  on  animal  lipase  is  an  instance 
of  this  kind.  (2)  It  may  react  with  the  substance  upon  which 
the  enzyme  acts,  the  zymolyte.^  An  instance  of  this  kind  is 
the  retarding  action  of  formaldehyde  on  the  coagulation  of  milk 
by  rennin.  Bliss  and  Nov}''^  found  that  rennin  is  not  affected 
by  formaldehyde  but  that  this  substance  acts  on  the  caseinogen 
changing  it  to  a  body  which  is  not  readily  coagulated  by  rennin. 
(3)  It  may  react  with  one  of  the  products  resulting  from  the 
process  and  remove  it  from  the  field  of  action.  An  excellent 
example  of  this  is  the  accelerating  effect  of  calcium  salts  on  the 
action  of  rennin.  The  calcitmi  salts  precipitate  the  paracasein 
as  rapidly  as  it  is  formed.  (4)  The  solubility  of  the  enzyme  or 
the  zymolyte  may  be  altered.  (5)  The  possibility  exists  that  the 
substance  may  react  with  an  intermediate  compotmd  formed  by 

1  Hydrofluoric  acid  and  in  all  probability  all  soluble  fluorides  would 
act  similarly. 

3  It  is  necessary  to  have  some  general  term  to  designate  the  substance 
upon  which  any  enzyme  acts.  The  Germans  have  introduced  the  term 
**substrat"  and  this  has  recently  been  used  by  English  and  American 
writers  in  the  forms  substrate  or  substratum.  There  is  certainly  no 
logical  justification  for  this  term.  We  propose  the  term  zymolyte  because 
it  is  in  keeping  with  general  chemical  nomenclattire  and  signifies  definitely 
what  is  meant.     It  corresponds  to  "electrolyte,"  etc. 

*  Journ,  of  Exper.  Med,,  iv,  p.  47,  1899. 
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the  action  of  the  enzyme  on  the  zymolyte  in  consequence  of 
which  its  stability  may  be  increased  or  decreased. 

Kastle  and  Loevenliait'  found  that  hydrocyanic  acid  accel- 
erates the  decomposition  of  hydrogen  peroxide  by  copper 
sulphate,  and  Loevenhart^  showed  that  hydrocyanic  acid  ac- 
celerates the  oxidation  of  formic  acid  by  hydrogen  peroxide  in 
the  presence  of  copper  sulphate.  The  probable  explanation  of 
both  of  these  facts  is  that  the  hydrocyanic  acid  facilitates  in 
some  way  the  formation  and  decomposition  of  intermediate 
products  formed  in  the  reaction. 

In  order  to  be  sure  that  the  fluoride  does  not  react  in  some 
way  with  the  ester  in  consequence  of  which  the  stability  of  the 
latter  might  be  increased,  a  series  of  experiments  was  performed 
to  determine  the  effect  of  fluoride  on  the  hydrolysis  of  the  esters 
by  acids  and  alkalies.  It  was  found  that  sodium  fluoride  does 
not  inhibit  the  alkaline  hydrolysis  of  ethyl  butyrate,  diacetin, 
and  triacetin  to  any  noteworthy  extent  if  at  all,  and  in  the 
hydrolysis  of  these  esters  by  hydrochloric  acid  it  acts  merely  as 
the  sodium  salt  of  any  weak  acid  should.  That  is  to  say,  it 
retards  the  hydrolysis  only  by  using  up  a  part  of  the  hydrochloric 
acid  and  replacing  it  with  the  much  weaker  hydrofluoric  acid. 
Hence  we  are  justified  in  stating  that  the  fluoride  probably 
does  not  inhibit  the  action  of  the  enzyme  by  reacting  with  the 
ester. 

It  is  obvious  that  the  fluoride  does  not  inhibit  the  process 
by  reacting  with  either  of  the  products  or  by  altering  the  solu- 
bility of  the  enzyme  or  ester.  Therefore  but  two  of  the  five 
possibilities  remain.  Either  it  must  react  with  the  enzyme  or 
with  some  intermediate  product.  We  have  pointed  out  that  it 
certainly  does  not  destroy  the  enzyme.  Furthermore,  if  it  causes 
the  inhibition  by  reacting  with  the  enzyme,  we  would  expect  it  to 
retard  the  hydrolysis  of  all  the  esters  to  a  proportionate  degree. 
But  we  have  found  large  variations  when  different  esters  are 
used.  These  facts  certainly  speak  against  the  view  that  the 
fluoride  reacts  with  the  enzyme. 

We  have  found,  however,  that  the  effect  of  the  fluoride  increases 

»  Atner.Chem.  Jaurn,,  xxix,  p.  397,  1903. 

*  Ber.  d.  deuisch.  chetn,  Gesdlsch.,  xxxix,  p.  130,  1906. 
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as  the  amount  of  enzyme  acting  decreases  While  we  cannot  be 
sure,  we  favor  the  view  that  it  reacts  with  an  intermediate 
product  formed  by  the  action  of  the  enzyme  on  the  ester  in  con- 
sequence of  which  the  intermediate  product  is  rendered  more 
stable.  This  view  seems  to  us  to  be  more  in  harmony  with  all 
the  facts  which  we  have  brought  out. 

In  general  chemical  behavior  the  fluorides  differ  widely  from 
the  other  halides.  Corresponding  to  this  chemical  dissimilarity 
the  pharmacological  action  of  sodium  fluoride  differs  entirely 
from  that  of  the  other  halides.  It  is  highly  poisonous  to  nearly 
all  forms  of  life,  the  fatal  subcutaneous  or  intravenous  dose 
being  put  at  0.15  gram  per  kilo  for  dogs. ^  Its  pharmacological 
action  is  doubtless  very  complicated.  Some  of  its  effects  are 
probably  due  to  the  removal  of  calcium,  but  this  alone  apparently 
cannot  fully  explain  its  action.  The  remarkable  inhibiting 
action  of  sodium  fluoride  on  theenzymic  hydrolysis  of  esters 
is  the  more  striking  when  it  is  remembered  that  it  is  ordinarily 
considered  a  protoplasmic  poison  like  chloroform,  toluene,  etc., 
which  does  not  interfere  with  enzymic  processes.^  Pavy  ^  sounded 
a  warning  against  this  erroneous  view  and  showed  that  sodium 
chloride  in  i  per  cent,  solution  inhibits  the  action  of  diastase 
on  starch  about  2a  per  cent.  Its  inhibiting  action  on  the 
hydrolysis  of  esters,  however,  is  incomparably  greater  than 
on  any  other  enzymic  process  as  far  as  we  are  aware,  and  the 
possibility  naturally  suggest  itself  that  its  toxic  action  may  be 
due  in  part  to  the  inhibition  of  this  class  of  processes  in  the 
organism.  It  suggests  the  possibility  that  some  cleavage  of 
this  type  is  of  vital  importance  in  the  economy. 

SUMMARY. 

1.  Sodium  fluoride  inhibits  in  a  remarkable  way  the  hydroly- 
sis of  esters  by  liver  and  pancreas  extracts. 

2.  The  hydrolysis  of  ethyl  butyrate  by  pancreas  extract  is 
from  one  hundred  to  one  thousand  times  as  sensitive  to  the 

>  Tappeiner,  Arch.  f.  exper.  Path.  u.  Pharm.t  xxv,  p.  203,  1889;  xxvii, 
p.  108,  1890. 

2  Arthus  and  Huber,  Arch,  de  physiol.,  56  Ser.  iv,  p.  651,  1892. 
*  Journ.  of  Physiol.,  xxii,  p.  391,  1898. 
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inhibiting  action  of  the  fluoride  as  is  the  hydrolysis  of  olive  oil. 
by  the  same  preparation  and  under  the  same  conditions. 

3.  The  action  of  clear  liver  extract  on  the  lower  esters  is  much 
more  sensitive  to  the  fluoride  than  is  the  action  of  turbid  pancreas 
extract.  Sodium  fluoride,  i :  500,000,  inhibited  the  action  of  2 
per  cent,  clear  liver  extract  to  the  extent  of  78  per  cent.,  while 
that  of  2  per  cent,  turbid  pancreas  extract  suffered  an  inhibition 
of  only  5  per  cent. 

4.  The  hydrolysis  of  ethyl  acetate  is  inhibited  to  a  greater 
extent  by  the  fluoride  than  that  of  ethyl  butyrate.  -  The  fluoride 
inhibited  the  hydrolysis  of  ethyl  acetate,  diacetin,  and  triacetin 
to  about  the  same  extent.  Hence  the  acid  from  which  the  ester 
is  derived  seems  to  be  the  principal  factor  in  determining  the 
extent  of  the  fluoride  inhibition.  The  inhibition  seems  to  be 
largely  independent  of  the  alcohol  from  which  the  ester  is  derived. 

5.  Very  small  amounts  of  sodium  fluoride  (varying  with  dif- 
ferent esters  and  extracts)  accelerate  the  hydrolysis  of  the  fats 
and  lower  esters  by  the  extracts.  Thus  the  fluoride,  i:  1,000,- 
000,000,  caused  an  acceleration  of*  29  per  cent,  in  the  action  of 
0.02  per  cent,  liver  extract  on  ethyl  butyrate. 

6.  The  inhibiting  action  of  the  fluoride  increases  as  the  tubes 
become  more  acid.  This  is  probably  due  to  the  production  of 
hydrofluoric  acid. 

7.  Sodiiun  fluoride  does  not  influence  materially,  if  at  all,  the 
hydrolysis  of  esters  by  alkalies  and  it  only  affects  the  hydrolysis 
of  esters  by  acids  as  the  sodiiun  salt  of  any  weak  acid  should. 
From  this  we  conclude  that  the  fluoride  probably  does  not 
inhibit  the  enzymic  hydrolysis  of  the  esters  by  reacting  with 
the  latter. 

8.  The  inhibiting  action  of  the  fluoride  cannot  be  attributed 
to  the  precipitation  of  calciiun. 

9.  The  other  halides  of  sodiiun  and  potassiiun  as  well  as  many 
other  substances  investigated  do  not  possess  an  action  com- 
parable in  extent  to  that  of  the  fluoride.  Hydrofluoric  acid  and 
in  all  probability  all  soluble  fluorides  affect  these  processes 
similarly  to  sodium  fluoride. 

10.  The  greater  the  amount  of  enzyme  acting  the  less  will  be 
the  inhibiting  effect  of  a  given  concentration  of  sodium  fluoride. 
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This  proves  that  there  exists  a  quantitative  relation  between  the 
enzyme  and  the  fluoride. 

II.   Sodium  fluoride  does  not  destroy  the  enzyme. 

13.  Of  the  two  modes  of  action  to  be  considered,  (i)  that  the 
fluoride  reacts  with  the  enzyme,  (2)  that  it  reacts  with  an  inter- 
mediate product  formed  in  the  action  of  the  enzyme  on  the  ester 
and  resulting  in  an  increase  in  the  stability  of  the  intermediate 
compounds,  we  favor  the  latter  view,  because  the  enzyme  is  not 
destroyed  by  the  fluoride  and  furthermore  because  the  inhibition 
varies  to  such  an  extent  with  different  esters. 

13.  We  suggest  that  the  substance  upon  which  an  enzyme 
acts  be  called  the  **  zjrmolyte, "  since  this  term  is  more  in  keeping 
with  general  chemical  nomenclature  and  is  preferable  in  every 
way  to  the  term  substrate  which  has  recently  been  introduced. 
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ON  THE  EFFECT  OF  BILE  UPON  THE  HYDROLYSIS  OF 

ESTERS  BY  PANCREATIC  JUICE. 

By  a.  S.  LOEVENHART  and  C.  G.  SOUDER. 

(Front  the  Laboratory  of  Physiological  Chemistry  of  the  Johns  Hopkins 

University.) 
(Received  for  publication,  November  13,  1906.) 

The  part  played  by  the  bile  in  the  digestion  and  absorption  of 
fats  has  long  been  a  subject  of  discussion.  It  has  been  proved 
conclusively  that  the  bile  greatly  promotes  the  absorption  of 
fats  and  that  in  its  absence  fat  absorption  is  much  impaired. 
Although  various  views  on  fat  absorption  have  been  held  by 
different  investigators,  all  supposed  that  the  bile  aids  the  process 
by  acting  as  a  solvent  for  the  fatty  acids  liberated  by  the  action  of 
lipase  and  by  assisting  in  the  emulsification  of  the  neutral  fat. 
Hewlett  ^  has  recently  found  that  the  pancreatic  juice  as  secreted 
possesses  comparatively  little  activity  toward  the  esters  of  the 
lower  fatty  acids.  He  holds  that  the  principle  function  of  the  bile 
is  to  render  the  lipase  more  active.  He  discusses  briefly  the 
mechanism  by  which  the  bile  exercises  this  activating  effect. and 
concludes  that  some  constituent  of  the  bile  acts  as  a  zymo-exciter 
or  accelerator  for  the  lipase,  but  dismisses  as  improbable  the 
view  that  the  bile  activates  a  lipase  zymogen.  Hewlett  arrived 
at  this  conclusion  by  using  triacetin  instead  of  the  higher  fats. 
Triacetin  is  quite  soluble  in  water,  and,  moreover,  the  products 
of  its  hydrolysis  mix  with  water  in  all  proportions.  Hence, 
if  bile  is  capable  of  accelerating  the  action  of  pancreatic  juice 
on  triacetin,  its  action  in  this  case  certainly  cannot  be  explained 
by  the  solvent  power  of  the  bile  on  the  zymolyte  or  on  the  prod- 
ucts of  the  reaction.  Hewlett  found  that  bile  greatly  accelerates 
the  action  of  pancreatic  juice  on  triacetin.  Thus,  in  the  ex- 
periments which  he  quotes  the  bile  increased  the  hydrolysis 
twenty-six  times  in  the  first  hour,  while  at  the  end  of  twenty- 
four  hours  the  hydrolysis  was  one  and  one- half  times  as 
great  as  in  the  absence  of  bile.  Similarly  the  hydrolysis  of 
ethyl  butyrate   was    accelerated    seven    to  sixteen   times  by 

»  Johns  Hopkins  Hospital  Bulletin,  xvi,  p.  20,  1905. 
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the  addition  of  bile.  This  very  important  contribution  cotild 
only  have  been  made  by  using  such  a  water-soluble  ester 
as  triacetin.  Hewlett  sought  to  determine  which  constitueiit 
•of  the  bile  is  responsible  for  this  acceleration.  He  found  that 
commercial  lecithin  is  capable  of  accelerating  the  action  of 
pancreatic  juice  to  the  same  extent  that  the  bile  does.  He 
found  that  a  commercial  preparation  of  the  bile  salts  also 
accelerates  the  action  of  the  pancreatic  juice  on  the  ester  but 
as  the  bile  salts  are  piuified,  their  accelerating  action  decreases. 
He  concluded  that  the  accelerating  action  of  the  bile  salts  is 
probably  due  to  a  contamination  with  lecithin.  The  generally 
accepted  view  has  been  that  the  bile  salts  are  the  important 
constituents  of  the  bile  in  assisting  in  the  absorption  of  fats.* 
Strecker^  first  called  attention  to  the  fact  that  the  bile  salts 
increase  the  solubility  of  the  higher  fatty  acids  in  water,  and  tjbe 
experiments  of  Marcet^  showed  the  solubility  of  fatty  acids  in 
bile  and  the  emulsification  of  neutral  fat  by  this  mixture.  Hence 
the  bile  salts  have  been  looked  upon  as  the  active  constituents 
of  the  bile  in  fat  absorption.  Martin  and  Williams  *  found  that 
the  bile  salts  accelerate  the  action  of  pancreatic  disastase,  and 
they  attribute  the  accelerating  action  of  the  bile  in  this  process 
to  the  bile  salts. 

We  have  found  that  results  obtained  in  the  action  of  lipase 
on  one  ester  cannot  be  inferred  to  hold  when  another  ester  is 
used.  Hence  it  becomes  necessary  to  see  whether  the  observa- 
tions of  Hewlett  regarding  the  accelerating  action  of  lecithin 
will  hold  when  the  higher  fats  are  used.  We  have  determined 
quantitatively  the  activity  of  pancreatic  juice  on  several  esters 
including  olive  oil,  in  the  presence  and  absence  of  bile  saltSt 
lecithin,  and  bile.  In  doing  this  we  have  had  two  objects  in 
view:  (i)  to  determine,  if  possible,  which  constituent  of  the  bile 
under  physiological  conditions  accelerates  the  action  of  pan- 
creatic juice;  (2)  to  determine  whether  the  hydrolysis  of  the 
various  esters  is  affected  in  the  same  way  and  to  the  same  extent 
by  these  substances.     Since  the  publication  of  a  preliminary 

»  Howell,  A  Text-hook  of  Physiology,  1905,  p.  715. 

»  Ann.  d.  Chem.,  Ixv,  p.  i,  1848. 

»  Proc.  of  the  Roy.  Soc,  ix,  p.  306,  1858. 

*  Ibid.,  xlv,  p.  358,  1889. 
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communication  by  one  of  us  ^  on  the  part  played  by  the  bile  salts 
in  the  hydrolysis  of  amyl  salicylate  by  liver  extract,  two  articles 
have  appeared  on  the  subject.  Von  Furth  and  Schutz^  in  a 
preliminary  communication  state  that  Plattner's  bile  salts 
possess  the  full  activity  of  the  bile  in  accelerating  the  hydrolysis 
of  fat  by  pancreatic  juice.  They  find,  furthermore,  that  pure 
sodium  glycocholate  behaves  similarly  and  that  sodium  cholate 
is  also  very  active.  They  conclude  therefore  that  the  power 
of  the  bile  to  accelerate  this  process  resides  in  the  cholic  acid 
complex  of  the  bile  salts.  No  data  are  given  in  this  communica- 
tion. Magnus^  has  found  that  the  bile  salts  synthetically 
prepared,  accelerate  the  action  of  pancreatic  juice  on  olive  oil. 
Experimental  Methods.  The  pancreatic  juice  was  obtained 
from  dogs  by  establishing  a  temporary  fistula  and  injecting 
secretin.  The  bile  was  also  collected  in  most  cases,  and  it  is 
interesting  to  note  in  this  connection  that  the  volumes  of  pan- 
creatic juice  and  of  bile  collected  in  each  experiment  were  usually 
practically  equal.  This  wotild  indicate  that  in  the  intestine 
the  digesting  fluid  probably  consists  of  about  equal  volumes  of 
bile  and  pancreatic  juice.  The  biliary  canula  was  never  forced 
as  high  up  as  the  cystic  duct.  In  some  cases  the  bile  was  ob- 
tained from  the  gall  bladder  directly.  The  titrations  were 
carried  out  in  the  manner  described  on  p.  399  of  the  preceding 
article.  The  indicators  were  used  as  described  in  the  preceding 
article,  p.  399.  Toluene  was  always  used  as  the  antiseptic. 
The  usual  blanks  were  carried  through,  and  all  necessary  correc- 
tions for  acidity  or  alkalinity  have  been  made  in  the  data  which 
follow.  The  results  are  recorded  in  the  number  of  cubic  cen- 
timeters of  Yir  alkali  required  to  neutralize  the  acid  produced  by 
the  enzymic  hydrolysis  of  the  ester.  The  esters  investigated  and 
the  quantities  used  unless  otherwise  stated  were  as  follows: 
ethyl  acetate — 0.1747  gram,  ethyl  propionate — 0.2083  gram, 
ethyl  butyrate — 0.23  gram,  diacetin — 0.1714  gram,  triacetin — 
0.1497  gram,  and  olive  oil — 0.3  gram.  The  reason  for  using 
the  esters  in  these  quantities  is  given  on  page  398  of  the  preceding 

»  Affier,  Journ.  of  Physiol.,  xv,  p.  xxvii,  1906. 

«  Centralbl.  f.  Physiol.,  xx,  p.  47,  1906. 

»  Zeitschr,  /.  physioL  Chem.,  xlviii,  p.  376,  1906. 
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article.  The  duration  of  the  experiments  and  the  tempera- 
ture are  given  in  connection  with  each  series.  We  have  studied 
the  effect  of  bile  salts,  lecithin,  mixtures  of  bile  salts  and  lecithin, 
and  bile  on  the  hydrolysis  of  the  above  mentioned  esters  by  the 
juice.  The  bile  salts  were  prepared  from  ox  bile  and  were 
purified  by  solution  and  reprecipitation  and  finally  by  extracting 
for  several  days  with  ether  in  a  Sohxlet  extractor.  A  large 
quantity  was  smelted  with  the  usual  oxidation  mixture  and 
showed  only  a  trace  of  phosphorus.  The  lecithin  used  was 
prepared  by  the  method  of  Roaf  and  Edie  ^  and  was  employed 
in  a  lo  per  cent,  aqueous  suspension.  The  bile  was  obtained  from 
dogs,  and  in  most  cases  from  the  animal  that  yielded  the  pan- 
creatic juice  of  the  experiment.  In  order  to  compare  the  bile 
with  bile  salts  at  various  concentrations,  the  bile  was  asstmied 
to  contain  5  per  cent,  of  bile  salts  and  was  diluted  accordingly. 
Thus  to  compare  bile  with  a  o.i  per  cent,  solution  of  the  bile 
salts,  the  bile  was  diluted  with  49  volumes  of  water.  This  will 
be  designated  **  bile  -bile  salts  o.t  percent,  '*  etc.  In  the  tables 
that  follow,  the  concentration  of  the  bile  salts  and  lecithin 
in  the  total  mixture  is  given  and  not  the  concentration  of  the 
solution  or  suspension  added.  Thus  in  speaking  of  the  action  of 
0.1  per  cent,  bile  salts  we  mean  that  the  bile  salts  were  present 
in  the  total  mixture  in  this  concentration. 

Experimental  Results..  We  have  been  able  to  confirm  the 
observations  of  Hewlett  that  lecithin  accelerates  the  action  of 
pancreatic  juice  on  the  lower  esters,  and  we  have  found  that  it 
also  accelerates  the  action  of  the  juice  on  olive  oil.  We  have 
found  that  the  bile  salts  also  greatly  accelerate  the  action  of 
pancreatic  juice  on  all  of  the  esters  investigated.  In  order  to 
bring  out  the  accelerating  action  on  the  hydrolysis  of  the  various 
esters,  it  is  necessary  to  employ  the  bile  salts  in  different  concen- 
trations. Thus  for  the  lower  esters  the  bile  salts  shoxUd  be  used 
in  a  concentration  of  from  0.13  to  0.05  per  cent.  In  these 
concentrations  they  do  not  accelerate  the  hydrolysis  of  olive 
oil.  When  this  latter  ester  is  employed,  the  bile  salts  should  be 
used  in  a  concentration  of  from  2  to  4  per  cent.  All  of  these 
facts  are  brought  out  in  the  following  tables.  j 

«  Thompson- Yates  and  Johnston  Lab.  Rep.,  vi  (i),  p.  201,  1905. 
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Series  1.  Duration  of  experiments,  16  hours.  Temperature,  38®  C. 
One  c.c.  of  pancreatic  juice  was  used  in  each  experiment  and  this  was 
diluted  to  2.1  c.c.  in  every  case. 


No.  of 
Experi- 
ment. 

Ester. 

Bile 

Salts. 

Per  cent. 

Lecithin 
Suspen- 
sion. 
Per  cent. 

im  Alkali 

Required. 

c.c. 

Per  cent, 
of  Acceler- 
ation. 

1 
2 

Ethyl  butyrate 

0.00 
0.05 

0.00 
0.00 

3.2 
6.65 

108 

3 

<«           «< 

0.00 

0.6 

6.75 

111 

4 

Triacetin 

-  0.00 

0.00 

9.05 

— 

5 

«« 

0.05 

0.00 

9.30 

3 

6 

<< 

0.00 

0.5 

10.25 

13 

Series  2.  Dtu^tion  of  experiments,  18  hours.  Temperature,  39**  C. 
One  c.c.  of  pancreatic  juice  was  used  in  each  experiment  and  this  was 
diluted  to  3  c.c.  with  water  or  lecithin  suspension. 


Ester. 

Lecithin  Suspension. 
Percent. 

Tff  Alkali 
Required, 
c.c. 

Per  cent,  of 
Acceleration. 

Olive  oil 

0.0 
0.7 

1.2 
7.2 

600 

Series  3.     Duration  of  experiments,  16  hours. 
Similar  in  all  respects  to  Series  2. 


Temperature,  38**  C. 


Ester 

Lecithin 

Stispension. 

Per  cent. 

-n  Alkali 

Required. 

c.c. 

Per  cent,  of 
Acceleration. 

Olive  oil 

0.0 
0.3 

1.25 
2.95 

136 

Series  4.  Duration  of  experiments,  19  hours.  Temperature  40**  C. 
Two  c.c.  of  pancreatic  juice  were  used  in  each  experiment  and  this  was 
diluted  to  3  c.c. 


No.  of 

Bile 

Required. 

Percent. 

Experi- 

Ester. 

Salts. 

BUe. 

pf  Acceler- 

ment. 

Per  cent. 

c.c. 

ation. 

1 

Ethyl  butyrate 

0.0 

^^_ 

1.60 

^^^ 

2 

0.1 

6.60 

340 

3 

Diacetin 

0.0 

— — 

3.25 

•^— 

4 

«« 

0.1 

— 

8.00 

146 

5 

Triacetin 

0.0 

— 

4.86 

— — 

6 

II 

0.1 

^— 

13.10 

170 

7 

Olive  oil 

0.0 

— 

1.16 

—- 

8 

II       II 

• 

0.17 

(     -bile    ) 

1.26 

9 

9 

II       II 

0.0 

]  salts  1.7  |- 
I  per  cent. ) 

13.00 

1030 

420 


Bile  in  the  Digestion  of  Fats 


Series  5.  Duration  of  experiments,  19  hours.  Texnper&ture,  35^  C 
One  c.c.  of  pancreatic  juice  was  used  in  each  experiment  and  this  was 
diluted  in  each  case  to  5  c.c. 


No.  of 

BUe 

i^  AlkaU 

Per  cent. 

Percent 

Experi- 

Ester. 

SalU. 

Required. 

of  Accel- 

of In. 

ment. 

per  cent. 

c.c. 

eration. 

hibitioa. 

1 

Ethyl  butyrate 

0.0 

1.90 

_ 

2 

<t           «« 

0.8 

3.20 

68 

._ . 

3 

««           (« 

4.0 

2.35 

24 

^.^_ 

4 

Diacetin 

0.0 

3.25 

- 

^__ 

5 

i« 

0.8 

2.95 

—. 

9 

6 

Triacetin 

0.0 

5.80 

— ^ 

7 

•( 

0.8 

3.60 

— 

38 

8 

«« 

4.0 

3.85 

—. 

34 

9 

Olive  oil 

0.0 

3.60 

10 

•(       tt 

0.8 

9.55 

165 

11 

««       •< 

4.0 

10.85 

201 

— 

Series  6.  Dtu-ation  of  experiments,  22  hours.  Temperature,  38®  C. 
One  c.c.  of  pancreatic  juice  was  used  in  each  experiment  and  this  was 
diluted  in  each  case  to  5  c.c. 


No.  of 

BUe 

Required. 

Percent. 

Percent 

Experi- 

Ester. 

Salts. 

BUe. 

of  Accel- 

of In- 

roent. 

Per  cent 

c.c. 

eration. 

hibition. 

1 

Ethyl  butyrate 

0.0 

2.35 

2 

i(            «< 

0.1 

r     -=bile    ] 

3.90 

66 

— 

3 

<(            it 

0.0 

salts  0.1 
I  per  cent. 

4.45 

89 

4 

<•            << 

2.0 

3.20 

36 

■ 

5 

(1            it 

4.0 

3.35 

43 

^_^ 

6 

Triacetin 

0.0 

9.80 

._- 

^_„^ 

7 

•t 

0.1 

8.00 

— 

18 

8 

<< 

4.0 

4.25 

— 

57 

9 

Olive  oil 

0.0 

4.25 

— 

10 

•  1      (1 

• 

0.1 

f    «bile    ] 

4.25 

0.0 

— 

11 

<«      «( 

0.0 

salts  0.1 
per  cent.  J 

4.40 

3.5 

• 

12 

It      it 

2.0 

r     -bile    ] 
salts  2    !■ 

10.10 

138 

— 

13 

(<      << 

0.0 

18.00 

324 

^_„^ 

per  cent. 

14 

<«      i( 

4.0 

11.66 

174 

— 

We  have  selected  the  foregoing  experiments  because  they  show 
the  widest  variations  in  the  values  which  we  have  found.  The 
pancreatic  juice  from  different  dogs  does  not  give  the  same 
results.     It  will  be  seen  in  the  tables  that  both  lecithin  and  the 
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bile  salts  accelerate  the  action  of  the  juice  on  olive  oil  and  on  the 
lower  esters.  The  effect  of  the  bile  salts  varies  greatly  with 
the  concentration.  Thus  in  a  concentration  of  o.i  per  cent,  the 
bile  salts  greatly  accelerate  the  action  on  the  lower  esters  and 
this  acceleration  decreases  with  increasing  concentration.  In  a 
concentration  of  0.8  to  4  per  cent,  they  invariably  inhibited  the 
action  of  the  juice  on  triacetin  (Series  5).  In  Series  6,  o.i  per 
cent,  bile  salts  inhibited  the  action  on  triacetin.  This  is  oc- 
casionally seen.  In  Series  i,  the  bile  salts,  0.05  per  cent.,  cause 
practically  no  acceleration,  while  in  Series  4  (0.1  per  cent,  bile 
salts)  an  acceleration  of  170  per  cent,  in  the  hydrolysis  of  triacetin 
is  noted.  We  have  uniformly  found  that  pancreatic  juice 
without  the  addition  of  any  accelerator  is  from  3  to  4  times  as 
active  on  triacetin  as  on  ethyl  butyrate,  and  the  accelerations 
which  we  have  noted  in  experiments  with  triacetin  are  corre- 
spondingly less  than  with  ethyl  but5rrate.  In  Series  4,  where 
the  activitv  on  triacetin  was  less  than  usual  the  acceleration 
noted  was  greater.  Experiments  8  of  Series  4,  10  and  11  of 
Series  5,  and  10  to  14  of  Series  6,  show  that  0.1  per  cent,  bile  salts 
do  not  accelerate  the  action  of  the  juice  on  olive  oil,  but  when 
present  in  a  concentration  of  0.8  to  4  per  cent,  a  very  great 
acceleration  is  noted.  The  same  is  true  of  bile.  When  the  bile 
is  so  diluted  that  the  bile  salts  are  acting  in  a  concentration  of 
o.  I  per  cent,  practically  no  acceleration  is  noted  (Exp.  1 1 ,  Series  6) . 
On  comparing  the  experiments  in  which  bile  salts  and  bile  were 
used  in  similar  concentrations,  it  will  be  seen  that  in  many  in- 
stances bile  causes  a  greater  acceleration  than  the  bile  salts.  This 
is  by  no  means  invariably'  found  to  be  the  case  as  will  be  subse- 
quently shown,  but  these  experiments  taken  alone  would  naturally 
lead  to  the  conclusion  th  at  both  the  bile  salts  and  the  lecithin  or  at 
least  some  other  constituent  of  the  bile  may  play  a  part  in  the  ac- 
celerating action.  Several  series  of  experiments  were  performed 
in  order  to  see  whether  mixtures  of  the  bile  salts  and  lecithin 
cause  a  much  greater  acceleration  than  these  substances  do 
when  acting  individually;  in  other  words,  to  see  whether  they 
give  a  stimmation  effect.  We  have  carried  on  these  experiments 
with  a  series  of  esters  in  order  to  see  whether  the  hydrolysis  of 
the  different  esters  is  affected  to  the  same  degree  by  these 
substances. 


422 


Bile  in  the  Digestion  of  Fats 


Series  7.  Dviration  of  experiments,  i8  hours.  Temperature,  39^  C. 
One  c.c.  of  pancreatic  juice  was  used  in  each  experiment.  It  was  dilated 
to  5  c.c.  in  every  case.  The  bile  salts  acted  in  a  concentration  of  0.1 
per  cent.,  the  lecithin  in  a  0.4  per  cent,  suspension;  the  mixture  which 
will  be  designated  "bile  salts  4-  lecithin"  contained  0.1  per  cent,  of  the 
former  and  0.4  per  cent,  of  the  latter,  and  the  experiments  designated 
*'bile"  contained  0.1  c.c.  of  bile  from  the  same  dog  which,  on  the  supposi- 
tion that  the  bile  contained  5  per  cent,  of  bile  salts  would  make  the  bile 
salts  present  in  this  experiment  in  a  concentration  of  0.1  per  cent,  as 
the  total  volume  was  5  c.c.  The  figures  as  usual  designate  the  number 
of  cubic  centimeters  of  /{y  alkali  required  to  neutralize  the  acid  formed. 


TABLE    A. 

Ester. 

Water. 

BUe 
Salts. 

Lecithin. 

Bfle  Salts  + 
Lecithin. 

Bile. 

Ethyl  acetate 
Ethyl  propionate 
Ethyl  butyrate 
Diacetin 
Triacetin 

1.40 
2.55 
2.40 
4.95 
9.10 

11.70 
11.30 
6.90 
10.85 
14.35 

3.85 
5.60 
6.20 
5.95 
11.20 

10.6 
10.55 
9.90 
10.20 
15.05 

10.05 

11.35 

6.95 

9.55 

13.95 

The  accelerations  here  noted  are  as  follows; 


TABLE  B. PERCENTAGE  ACCELERATIONS. 


Ester. 

Bile  Salts. 

Lecithin. 

BUe  Salts  + 
Lecithin. 

Bile. 

Ethyl  acetate 
Ethyl  propionate 
Ethyl  butyrate 
Diacetin 
Triacetin 

736 
343 
187 
119 

58 

175 

120 

158 

20 

23 

657 
314 
312 
106 
65 

618 

345 

190 

93 

53 

If  we  assign  the  value  100  to  the  hydrolysis  of  ethyl  butyrate  and  thus 
determine  the  hydrolysis  of  the  other  esters  in  this  series  in  terms  of  ethyl 
butyrate  we  have: 

TABLE  C. — ESTER  VALUES  IN  TERMS  OP  ETHYL  BTJTYRATB. 


Ester. 

Water. 

Bile 
Salts. 

Lecithin. 

BUe  Salts  + 
Lecithin. 

Bile. 

Ethyl  acetate 
Ethyl  propionate 
Ethyl  butyrate 
Diacetin 
Triacetin 

58 
106 
100 
206 
379 

170 
164 
100 
157 
208 

62 
90 

100 
96 

181 

107 
107 
100 
103 
152 

145 
163 
100 
136 
201 
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Table  B  of  this  series  shows  that  with  this  specimen  of  juice 
the  percentage  acceleration  was  much  greater  with  the  bile 
salts  than  with  lecithin.  The  combined  effect  of  lecithin  and 
bile  salts  was  less  than  that  noted  with  the  bile  salts  alone  except 
in  the  case  of  the  ethyl  butjrrate.  Here  the  effect  of  both 
(312  per  cent,  acceleration)  was  nearly  equal  to  the  sum  of  their 
effect  when  acting  separately,  t.  e.  345  per  cent.  Fiui;hermore, 
it  will  be  noted  that  the  percentage  acceleration  caused  by  the 
bile  salts  alone  in  almost  every  case  closely  approximates  that 
of  the  bile  and  leads  to  the  conclusion  that  in  this  series  of  ex- 
periments, at  least,  the  accelerating  action  of  the  bile  is  almost 
entirely  dependent  on  the  content  of  bile  salts.  The  bile  salts 
used  were  obtained  from  ox  bile,  which  contains  both  tauro- 
cholates  and  glycocholates,  and  since  they  have  an  activity 
equal  to  that  of  dog  bile  in  which  only  taurocholates  are  present, 
we  would  conclude  that  the  effects  of  taurocholates  and  glyco- 
cholates are  about  equal.  It  is  very  interesting  to  note  in  these 
tables  (especially  C)  the  difference  between  the  amounts  of 
hydrolysis  which  the  different  esters  suffered.  Thus  when  no 
accelerator  was  used  the  hydrolysis  of  the  acetate  was  only 
58  per  cent,  of  that  of  the  butjrrate,  while  in  the  presence  of  the 
bile  salts  the  hydrolysis  of  the  acetate  was  1.7  times  that  of  the 
butyrate.  Thus  the  effect  of  a  given  substance  on  the  hydroly- 
sis of  one  ester  is  no  index  to  its  effect  on  the  hydrolysis  of  an- 
other ester.  We  wish  to  emphasize  one  point  especially  and 
that  is  that  the  results  vary  with  different  experimental  condi- 
tions, such  as  the  dilution  and  quantity  of  the  juice  acting,  the 
quantity  of  ester  used,  the  temperature  and  duration  of  the 
experiments,  and  finally  a  considerable  degree  of  variation  is 
seen  with  different  specimens  of  juice  even  when  the  experiments 
are  duplicated  as  nearly  as  possible.  In  some  cases  lecithin 
causes  a  greater  acceleration  than  the  bile  salts.  This  was 
usually  found  when  the  juice  was  employed  in  greater  dilution. 

A  series  similar  to  the  above  was  carried  through  with  olive  oil. 

Series  8.  Dtiration  of  experiments,  19  hours.  Temperature,  38^  C. 
One-half  of  a  cubic  centimeter  of  pancreatic  juice  was  used  in  each  experi- 
ment. It  acted  in  a  total  volimie  of  5  c.c.  in  every  case.  The  bile  salts 
acted  in  a  concentration  of  2.5  per  cent,  both  when  used  alone  and  with 
the  lecithin.     The  lecithin  again  acted  in  a  0.4  per  cent,  suspension. 
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The  bile  was  so  diluted  that  the  bile  salts  contained  in  it  also  acted  in  a 
concentration  of  2.6  per  cent.  Six-tenths  of  a  gram  of  olive  oil  was  used 
in  each  experiment.  The  figtires  record  the  nmnber  of  cubic  centimeteis 
of  iV  alcoholic  KOH  required  to  neutralize  the  acid  produced. 


s  0  alkali  required 


(1) 


(2) 


Water 

Bile  salts 

Lecithin 

Bile  salts -f- lecithin 

Bile 


10.85 
19.25 
12.3 
19.4 


11.60 

18.26 

12.5 

19.7 

17.9 


Average 

Percent.  <rf 
Acceteratkn 

11.22 

18.75 

12.4 

19.55 

17.9 

67 

11 

74 
60 

Here  again  we  see  that  the  bile  salts  in  the  proper  concentra- 
tion  accelerate  the  action  more  than  lecithin  does  and  that  the 
combined  effect  of  lecithin  and  bile  salts  is  very  little  greater 
than  that  of  the  latter  when  acting  alone.  Hammarsten*  found 
the  lecithin  content  of  dog's  bile  as  discharged  from  a  fistula  to  be 
about  O.I 2  per  cent.,  hence  in  our  experiments  probably  more 
lecithin  was  present  per  cubic  centimeter  of  pancreatic  juice  than 
there  is  normally  in  the  intestine.  We  have  studied  the  action  of 
pancreatic  juice  on  lecithin  under  the  conditions  of  our  experi- 
ments. The  increase  in  acidity  noted  was  negligible  and  was  not 
appreciably  increased  when  bile  salts  were  present.  Schumoff- 
Simanowski  and  Sieber^  have  recently  found  that  pancreatic 
juice  actively  hydrolyzes  lecithin.  In  their  experiments  much 
larger  quantities  of  lecithin  were  employed  than  in  our  work. 
In  our  work  the  increase  in  acidity  due  to  the  hydrolysis  of 
lecithin  was  certainly  not  sufficiently  great  to  materially  vitiate 
the  results. 

CONXLUSIONS. 

(i)  Bile  salts,  lecithin,  and  bile  greatly  accelerate  the  action  of 

pancreatic  juice  on  all  of  the  esters  studied  including  olive  oiL 

(2)  The  optimum  concentration  for  the  bile  salts   when  the 


«  Jahresber.  iiber  d.  Fortsch.  d,  Thierchem.,  xxiii,  p.  331,  1893.    Hopp«- 
Seyler,  Lehrbuch  der  physiol,  Chem.,  Berlin,  1881,  p.  302. 
»  Zeitschr.  f,  physiol.  Chem.,  xlix,  p.  50,  1906. 
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lower  esters  are  used  is  about  o.i  per  cent.,  while  for  olive  oil  the 
the  optimum  is  from  2  to  4  per  cent.  In  the  latter  concentration 
the  bile  salts  greatly  inhibit  the  action  on  triacetin,  and  the  ac- 
celeration of  the  hydrolysis  of  ethyl  butyrate  is  much  less  than 
when  they  are  employed  in  greater  dilution. 

(3)  The  combined  effect  of  the  bile  salts  and  lecithin  on  the 
hydrolysis  of  the  esters  is  usually  but  very  little  greater  than  that 
of  the  bile  salts  alone.  Some  notable  exceptions  to  this  were 
observed,  however.  Thus  in  some  cases  the  acceleration  was 
much  greater  when  both  were  used,  while  in  other  cases  the 
acceleration  was  quite  a  little  less  than  when  the  bile  salts  were 
used  alone. 

(4)  The  effect  of  these  accelerators  on  the  hydrolysis  of  one 
ester  is  no  index  to  the  degree  of  acceleration  which  will  be  noted 
when  other  esters  are  used.  One  cannot  predict  what  the 
acceleration  will  be  even  in  an  homologous  series  of  esters. 

(5)  Different  specimens  of  juice  and  different  experimental 
conditions  altered  greatly  the  degree  of  acceleration  observed 
and  the  relative  activity  of  the  bile  salts  and  lecithin. 

(6)  The  effects  of  bile  salts  and  bile  of  a  corresponding 
concentration  of  bile  salts  often  very  closely  approximate  one 
another,  and  we  believe  the  bile  salts  are  mainly  responsible  for 
the  accelerating  effect  of  bile  on  the  hydrolysis  of  fats  and  esters 
by  pancreatic  juice. 

(7)  We  advance  no  theory  to  account  for  the  acceleration 
noted  with  these  substances.  While  we  believe  that  their  action 
depends  to  a  certain  extent  on  their  solvent  action,  it  seems  that 
in  addition  to  this  they  accelerate  the  action  of  the  enzyme 
in  some  other  wav. 
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ARE  THE  ANIMAL  ENZYMES  CONCERNED  IN  THE 
HYDROLYSIS  OF  VARIOUS  ESTERS  IDENTICAL? 

By  a.  S.  LOEVENHART. 

{From  the  Laboraiory  of  Physiological  Chemistry  of  the  Johns  Hopkins 

University,) 

(Received  for  publication,  November  13,  1906.) 

The  action  of  extracts  of  animal  tissues  on  various  esters  has 
been  the  subject  of  numerous  communications  in  the  last  few 
years.  The  technical  difficulties  in  dealing  with  the  fats  and 
higher  fatty  acids  led  to  the  introduction  of  simpler  esters  in 
investigations  on  the  action  of  the  fat-splitting  enzyme.  Berthe- 
lot  ^  thus  introduced  monobutjrrin  which  is  quite  soluble  in  water 
and  is  hydrolyzed  much  more  readily  by  extracts  of  plant  ahd 
animal  tissues  than  the  higher  fats.  Hanriot^  also  adopted 
monobutyrin  in  his  numerous  and  important  investigations 
on  the  subject.  For  similar  reasons  Kastle  and  Loevenhart^ 
introduced  the  use  of  ethyl  but5rrate  which  has  the  great  advan- 
tage of  being  on  the  market  and  of  being  readily  obtained  in 
pure  condition.  In  1898  Hanriot*  compared  the  action  of  lipase 
(apparently  serum  lipase)  on  the  ethyl  esters  of  formic,  acetic, 
propionic,  and  isobutyric  acids.  He  fotmd  that  as  the  molecular 
weight  of  the  combined  acid  increases  the  hydrolysis  by  lipase 
decreases.  In  1900  Kastle  and  Loevenhart  ^  compared  the  action 
of  pancreas  extracts  on  the  ethyl  esters  of  formic,  acetic,  propionic, 
and  n-butvric  acids  and  arrived  at  results  at  variance  with  those 
of  Hanriot.  They  found  that  in  the  series  studied  the  higher  the 
molecular  weight  of  the  combined  acid  the  more  readily  the 
hydrolysis  by  pancreas  extract  occurs.  The  reverse  of  this 
holds,  however,  for  acid  hydrolysis  as  both  acetic  and  hydro- 

»  Cited  by  Gamgee,  A  Text-book  of  the  Physiological  Chemistry  of  the 
Animal  Body,  London,  1893,  ii,  p.  aia. 

»  Compt,  rend,  de  la  soc,  de  bioL,  1896-1903. 
»  Amer.  Chem,  Journ,,  xxiv,  p.  491,  1900. 

♦  Arch,  de  physioL^  x,  p.  797,  1898. 

*  Loc.  cit, 
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chloric  acid  hydrolyzed  ethyl  acetate  much  more  readiJy  than 
ethyl  butyrate  under  the  conditions  of  otir  work.  Chamoz  and 
Doyon  ^  studied  the  action  of  lipase  on  amyl  salicylate  and  found 
that  liver  extract  can  hydrolyze  this  ester  whereas  pancreas 
extract  and  blood  serum  cannot  hydrolyze  it  to  any  extent. 
Kastle^  showed  that  the  salts  of  the  acid  esters  of  the  dibasic 
acids,  e.  g.,  sodiimi  ethyl  succinate,  are  not  hydrolyzed  by  lipase 
and  made  the  suggestion  that  lipase  and  perhaps  enzymes  in 
general  are  incapable  of  acting  on  ionized  substances.  Doyon 
and  Morel  ^  studied  the  hydrolysis  of  the  following  esters  by  blood 
serum:  the  ethyl  esters  of  acetic,  propionic,  butyric,  valeric, 
caproic,  succinic,  benzoic,  and  salicylic  acids,  mono-,  di-,  and 
tributyrin,  triacetin,  amyl  salicylate,  and  phenetol.  They  found 
that  the  esters  of  the  aromatic  acid  are  only  hydrolyzed  to  a  very 
slight  extent  while  phenetol  is  not  hydrolyzed  at  all.  Their 
description  of  these  experiments  is  very  meagre.  Dakin*  studied 
the  hydrolysis  of  the  esters  of  mandelic  acid  by  lipase  with  special 
reference  to  the  relation  of  optical  activity  to  the  action  of  the 
enzyme.  Quite  recently  Kastle  ^  has  studied  the  relation  of  the 
constitution  of  esters  to  lipolytic  action.  He  found  that  varying 
the  alkyl  combined  with  lower  fatty  acid  exerts  comparatively 
little  influence  on  the  rate  of  hydrolysis  by  lipase,  whereas  varying 
the  acid  combined  with  a  given  alcohol  causes  great  variations 
in  the  stability  of  the  resulting  esters  towards  lipase.  Using 
clear  solutions  of  liver  lipase  and  solutions  of  the  esters  he  was 
able  to  confirm  the  earlier  obsers'^ations  of  Kastle  and  Loevenhart 
on  pancreas  extract  that  with  increasing  molecular  weight  of  the 
combined  acid  the  esters  show  an  increasing  instability  towards 
lipase.  Kastle  also  studied  the  effect  of  introducing  halogens 
and  c)''anogen  into  the  acid  radicals. 

In  1900  the  idea  occurred  to  the  writer  that  if  it  could  be  shown 
that  lipase  is  reversible  in  its  action  a  simple  and  satisfactory 
explanation  would  be  offered  for  the  mechanism  by  which  fat  is 

>  Journ.  de  physiol.  et  de  path,  gin.,  ii,  p.  695,  1900. 
«  Amer.  Chem.  Journ.,  xxvii,  p.  481,  1902. 
»  Compt.  rend,  de  la  soc.  de  bioL,  liii,  p.  682,  1903. 
*  Journ.  of  Physiol.,  xxx,  p.  253,  1904;  xxxii,  p.  199,  1905. 
»  Bulletin  No.  26,  Hygienic  Laboratory,  U.  S.  Public  Health  and  Marine 
Hospital  Service,  p.  43,  1906. 
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absorbed,  translocated,  and  deposited  by  the  organism.  Kastle 
and  Loevenhart  ^  succeeded  in  showing  that  pancreatic  lipase 
is  capable  of  effecting  the  synthesis  of  ethyl  butyrate  from 
ethyl  alchohol  and  butyric  acid.  They  held  that  this  was 
equivalent  to  proving  that  the  action  of  lipase  is  reversible  ou 
the  ordinary  fats,  since  in  their  general  chemical  character  these 
substances  are  identical.  Several  weeks  later  Hanriot^  stated 
that  lipase  is  reversible  in  its  action  on  monobutyrin.  In  190a 
Loevenhart  ^  published  fiuther  observations  on  the  part  played 
by  lipase  in  fat  absorption  and  metabolism  in  which  the  inference 
was  again  made  that  the  work  on  ethyl  butyrate  is  directly 
applicable  to  the  natural  fats.  It  has  since  been  shown  that 
lipase  is  reversible  in  its  action  on  the  natural  and  higher  fats 
by  Pottevin,*  using  pancreas  lipase,  and  by  Taylor^  and  also 
Dunlap  ^,  using  the  lipase  of  the  castor  bean.  These  facts  seemed 
to  justify  the  application  of  the  results  with  ethyl  butyrate  to 
fat  metabolism.  In  France,  the  views  of  Hanriot,  which  were 
reached  by  the  use  of  monobutyrin  and  closely  resemble  those 
of  Loevenhart,  were  opposed  by  Arthus  in  a  very  bitter  contro- 
versy. Arthus  ^  maintained  that  the  hydrolysis  of  monobutyrin 
has  nothing  to  do  with  the  hydrolysis  of  the  fats.  He  contended 
that  serum  which  readily  hydrolyzes  monobutyrin  is  incapable 
of  hydrolyzing  the  higher  fats.  Arthus  therefore  suggested  that 
the  enzyme  concerned  in  Hanriot's  experiments  be  called 
monobutvrase. 

In  his  last  publication  Taylor*  makes  the  following  remark: 
**The  statement  of  Arthus  that  animal  lipase  is  a  monobut)n:ase 
is  a  verbal  quibble."  To  the  writer's  knowledge  Arthus  never 
made  such  a  statement  and  this  is  far  from  his  meaning.  Arthus 
believes  that  blood  serum  is  incapable  of  acting  on  the  higher  fats, 

»  Loc.  cit. 

2  Compt.  rend,  de  la  soc.  de  bioL,  liii,  p.  70,  1901. 

*  Affter.  Journ.  of  Physiol.,  vi,  p.  331,  1902. 

*  Compt.  rend,  de  I* Acad,  des  set.,  cxxxvi,  p.  1152,  1903;  cxxxviii, 
p.  378,  1904. 

5  Univ.  of  Cal.  Pub.,  Path.,  i,  p.  33,  1904. 

«  Private  communication. 

'  Journ.  de  physiol.  et  de  path,  g^n.,  iv,  p.  56,  1902. 

*  This  Journal,  ii,  p.  87,  1906. 
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although  it  possesses  marked  activity  toward  monobutyriiL 
Hence  Arthus  objects  to  the  term  lipase  being  applied  to  the 
enzyme  of  the  serum  which  according  to  him  does  not  split  the 
fats.  He  therefore  suggested  that  the  enzyme  of  the  serum  be 
called  monobutyrase.  He  made  no  reference  to  animal  lipase 
in  general.  Connstein  ^  has  attempted  to  criticise  the  results 
and  conclusions  of  Hanriot  but  his  remarks  are  so  pointless  and 
biased  that  they  demand  but  passing  notice.  Thus  he  endeavors 
to  show  that  the  hydrolysis  of  monobutyrin  by  blood  serum  is 
not  to  be  attributed  to  an  enzyme  at  all,  but  to  the  proteids  of 
the  serum  and  states  that  he  has  unpublished  results  which  bear 
this  out.  In  the  two  years  which  have  elapsed,  these  results  have 
unforttmately  remained  unpublished  so  far  as  the  writer  has  been 
able  to  find.  This  view  is  absolutely  tmwarranted.  There 
can  be  no  doubt  that  the  hydrolysis  of  monobutyrin  by  serum 
and  extracts  of  most  living  tissues  must  be  included  in  the  group 
of  reactions  called  fermentative  or  enzymic,  and  the  only  thing 
which  is  open  to  question  is  whether  we  are  to  attribute  the 
hydrolysis  of  the  esters  of  the  lower  fatty  acids  and  the  fats  to 
one  and  the  same  enzyme  or  to  different  enzymes.  The  fats  and 
the  esters  of  the  lower  fatty  acids  are  hydrolyzed  and  synthe- 
sized by  the  same  chemical  methods  and  are  absolutely  analogous 
from  a  chemical  point  of  view.  It  is  true  that  they  differ 
widely  iu  their  physical  properties,  but  are  these  of  such  char- 
acter as  to  necessitate  entirely  different  enzymes  in  these  pro- 
cesses? Then,  if  we  assume  that  different  enzymes  are  required 
for  the  hydrolysis  of  fats  and  lower  esters,  the  question  naturally 
arises  whether  the  hydrolysis  of  each  ester  would  not  have  to 
be  regarded  as  a  distinct  activity  and  attributed  to  a  distinct 
enzyme.  Such  an  hypothesis  could  only  be  accepted  on  the 
strongest  evidence,  as  the  action  of  enzymes  is  not  at  present 
regarded  as  so  specific  as  this.  The  esters  with  which 
we  are  dealing  present  no  possibilities  for  optical  isomer- 
ism which  might  account  for  specificity  of  action.  In  the 
present  state  of  knowledge,  it  would  be  far  more  1  og^cal  to 
assume  a  special  pepsin  or  trypsin  for  each  proteid,  because 
in  this  group  comparatively  little  is.  known  of  the  structiu^, 

»  Ergebnisse  der  Physiologies  iii,  i,  p.  194,  1904. 
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and  the  possibilities  of  isomerism,  optical  or  otherwise,  are 
enormous. 

Hanriot^  working  with  monobutyrin  concluded  that  the  enzyme 
of  blood  serum  which  hydrolyzes  this  ester  is  different  from  that 
contained  in  pancreas  extract.  He  drew  this  conclusion  from 
two  facts:  (i)  He  made  preparations  of  senmi  and  pancreas 
which  had  the  same  activity  in  the  presence  of  sodium  carbonate 
and  found  that  when  they  were  exactly  neutralized  the  serum 
preparation  was  nearly  twice  as  active  as  that  of  the  pancreas. 
(2)  Preparations  of  serum  and  pancreas  were  made  of  the  same 
activity  at  15®  C.  and  he  found  that  at  42®  C.  the  serum  prepara- 
tion became  twice  as  active  as  that  of  the  pancreas.  Kastle  and 
Loevenhart^  found  that  similar  differences  could  be  made  out 
between  liver  and  pancreas  preparations  acting  on  ethyl  butyrate. 
They  observed  that  here  also  the  preparations  react  differently 
to  changes  of  temperature  and  further  that  certain  substances 
affect  the  two  preparations  differently.  Using  preparations  of 
liver  and  pancreas  which  hydrolyze  equal  amounts  of  ethyl 
butyrate  in  experiments  of  short  duration,  Loevenhart^  found  that 
if  allowed  to  act  until  equilibrium  is  reached  the  hydrolysis  with 
the  liver  preparation  is  much  more  complete  than  in  the  case  of 
the  pancreas  preparation.  These  comprise  the  only  efforts, 
so  far  as  the  writer  is  aware,  to  throw  light  on  the  subject  under 
consideration. 

We  have  endeavored  to  determine  the  identity  or  non-identity 
of  these  enzymes  by  studying  (i)  The  relative  activity  of  various 
preparations  of  the  liver  and  pancreas  of  different  animals  on 
several  esters  in  order  to  see  whether  there  is  a  correspondence 
between  these  activities.  (2)  The  effect  of  adding  various 
substances  in  order  to  determine  whether  all  of  these  processes 
are  equally  affected  under  similar  conditions.  (3)  The  effect  of 
heating  at  various  temperatures  the  pancreas  powders  which  are 
described  below,  in  order  to  determine  whether  the  activity 
toward  certain  esters  is  impaired  more  than  toward  other 
esters. 


>  Compt,  rend,  de  la  soc.  hiol.,  xlix,  p.  377,  1897. 
a  Loc,  cit, 
*  Loc,  cit. 
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EXPERIMENTAL   METHODS. 

The  sources  of  our  enzymic  preparations  were  the  dog,  pig, 
and  beef.  The  following  preparations  of  the  enzyme  were 
emploj'^ed: 

(i)    lo  percent,  turbid  extracts  of  the  organs  already  described.^ 

(2)  Clear  10  per  cent,  extracts  of  the  liver  already  described.^ 

(3)  Pancreatic  juice.  The  results  with  the  juice  are  presented 
in  the  orevious  communication.  ^ 

(4)  Dry  powders  almost  free  of  fat  which  have  preserved 
their  activity  practically  unaltered  for  eighteen  months  were 
prepared  from  the  pancreas  and  liver  of  the  dog,  pig,  and  beef 
by  the  following  method: 

Ten  per  cent,  extracts  were  made  by  grinding  ten  parts  of  freshly  re- 
moved tissue  with  coarse  white  sand  and  extracting  with  a  hundred  parts 
of  water.  The  extract  was  then  strained  through  cloth.  Twenty  c.c 
of  a  saturated  solution  of  uranyl  acetate  in  distilled  water  were  then 
added  per  100  c.c.  of  extract  used.  This  mixture  was  usually  acid  and 
was  made  neutral  to  litmus  by  adding  a  few  drops  of  a  solution  saturated 
with  both  sodium  carbonate  and  sodium  phosphate.  Only  a  few  drops 
of  this  were  required  per  100  c.c.  Then  5  c.c.  of  a  saturated  solution  of 
sodium  phosphate  were  added  per  100  c.c.  of  extract  used.  The  precipi- 
tate was  then  separated  by  filtering  or  by  centrifuging  and  then  placing 
on  a  filter  to  drain.  The  precipitate  was  then  air-dried,  several  days 
being  required  to  get  it  entirely  dry.  As  long  as  the  precipitate  remains 
moist  it  must  be  sprinkled  with  toluene  occasionally  to  prevent  putre- 
faction and  the  growth  of  moulds.  After  air-drying  the  materi^  was 
removed  from  the  paper  and  pulverized  in  a  mortar.  The  powder  was 
then  extracted  for  several  hours  with  ether  in  a  Soxhlet  extractor,  again 
ground  up  and  passed  through  the  finest  sieve,  and  air-dried.  The 
resulting  powder  was  always  active  although  the  activity  varied  some- 
what in  different  preparations. 

The  above  method  resembles  Rosell's  *  modification  of  Jacoby's 
method  but  differs  from  it  in  that  instead  of  having  the  enzyme 
in  solution,  we  have  it  in  the  form  of  an  insoluble  fat-free  powder. 
The  method  is  of  interest  in  so  far  as  it  proves  the    resistance 

»  This  Volume,  p.  397. 
2  Ibid.t  p.  398. 
*  Ibid.,  p.  415. 

« Inaug.  Diss.,  Strassburg,  1901.    Cited^by  Magnus,  Zeitschr.  f.   phyiid, 
Chem.,  xlii,  p.  151,  1904. 
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of  animal  lipase  to  the  prolonged  action  of  ether.  In  fact  the 
preparations  seemed  to  improve  in  activity  by  the  treatment 
with  ether.  It  has  frequently  been  noted  that  methods  of 
obtaining  preparations  of  lipase  which  involve  the  use  of 
alcohol  are  in  general  very  unsatisfactory  because  the  resulting 
preparations  are  usually  only  very  slightly  active.  Taylor^  has 
shown  that  the  lipase  of  the  castor  bean  is  not  injured  by  pro- 
longed treatment  with  ether  and  by  this  means  he  prepared 
a  similar  insoluble  powder  from  it  which  was  very  active. 

The  following  data  will  give  an  idea  of  the  activity  of  our 
preparations : 

One  gram  of  pancreas  powder  was  ground  up  with  60  c.c.  of  distilled 
water  so  that  as  homogeneous  a  suspension  as  possible  was  obtained. 
Five  c.c.  of  this  suspension  were  treated  with  0.26  c.c.  ethyl  butyrate  and 
after  standing  15  minutes  at  40®  C.  the  amount  of  acid  produced  by  the 
action  of  the  enzyme  on  the  ester  was  determined  by  titration  with^ 
soditun  hydroxide  using  litmus  as  the  indicator.  2.85  c.c.  of  soditmi 
hydroxide  were  required,  corresponding  to  7.12  per  cent,  decomposition. 
A  similar  experiment  performed  with  a  suspension  of  liver  powder  after 
acting  15  minutes  at  40®  C.  required  1.05  c.c.  of  sodium  hydroxide  which 
corresponds  to  2.62  per  cent,  decomposition. 

The  liver  powders  were  invariably  found  to  be  less  active  than 
the  pancreas  powders.  This  was  somewhat  surprising  since 
Kastle  and  Loevenhart  found  that  the  extract  of  pig  liver  is 
from  two  to  three  times  as  active  on  ethyl  but5rrate  as  the  pan- 
creatic extract.  In  order  to  determine  what  per  cent,  of  the 
enzyme  passes  into  solution  on  grinding  the  powders  up  with 
water,  portions  of  the  above-described  suspensions  were  centri- 
fugalized  and  the  activity  of  the  turbid  supernatant  fluid 
determined  as  above.  The  pancreas  required  1.45  c.c.  of  sodium 
hydroxide,  viz.,  3.62  per  cent,  decomposition.  The  liver  sus- 
pension required  0.35  c.c. of  sodium  hydroxide, viz.,  0.87  percent, 
decomposition.  Thus  merely  by  centrifuging  the  pancreas 
suspension  lost  49  per  cent,  of  its  activity  and  the  liver  lost  67 
per  cent.  The  pancreas  powders  contain  some  of  the  other 
enzymes  of  the  pancreas,  namely,  trypsin  and  diastase,  but  no 
rennin  action  could  be  made  out.  The  diastatic  action  [of  the 
powder  was  quite  weak. 

•   »  Univ.  of  Cal.  Pub.,  Path.,  i,  p.  ^3*  1904. 
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The  esters  used  and  the  quantities  in  which  they  were  employed 
are  as  follows:  Diacetin — 0.17 14  gram,  triacetin — 0.1497  gram, 
ethyl  acetate — 0.1747  gram,  ethyl  propionate — 0.2082  gram, 
ethyl  butyrate — 0.23  gram,  methyl  caprylate — 0.316  gram, 
methyl  laurate — 0.425  gram,  methyl  palmitate — 0.3406  gram, 
and  neutral  olive  oil — 0.3  gram.  All  of  these  esters  had  been 
fractionated  and  were  pure.  The  methyl  esters  of  caprylic, 
lauric,  and  palmitic  acids  were  furnished  by  Dr.  F.  L.  Dunlap  of 
Ann  Arbor.  I  wish  here  to  express  my  thanks  to  him  for  his 
kindness  in  letting  me  have  them.  He  had  fractionated  in 
vacuo  the  esters  prepared  from  Kahlbaum's  C.  P.  acids.  The 
quantities  of  the  esters  used  in  all  cases,  except  with  the  palm- 
itate and  olive  oil,  would  require  approximately  40  c.c.  of  {% 
alkali  for  complete  saponification.^  The  quantity  of  methyl 
palmitate  used  (0.3406  gram)  would  require  25.23  c.c.  of  -^  alkali, 
while  the  olive  oil  (0.3  gram)  would  j'equire  21.36  c.c.  -^  alkali  for 
complete  saponification.  With  these  data  it  is  easy  to  calculate 
the  per  cent,  hydrolysis  in  any  case.  In  some  experiments 
aqueous  solutions  of  the  esters  were  employed,  but  these  will  be 
described  in  connection  with  the  experiments. 

The  titrations  were  made  with  yV  aqueous  sodium  hydroxide 
in  the  experiments  with  the  lower  esters,  and  ^5-  alcoholic 
potassium  hydroxide  ^  in  the  experiments  with  the  higher  esters. 
Litmus  or  phenolphthalein  was  used  in  the  aqueous  titration 
and  the  latter  in  the  alcoholic  ones.  The  numbers  given  in  the 
tables  unless  otherwise  stated  give  the  amount  of  ^^  alkali  in  c.c. 
required  to  neutralize  the  acid  formed.  The  initial  acidities  and 
blanks  have  been  taken  into  account  and  the  numbers  given 
represent  the  increase  in  acidity  due  to  the  action  of  the  enzyme 
on  the  ester.  The  duration  and  temperature  will  be  given  in  con- 
nection with  each  series. 

THE    RELATIVE  ACTION    OF    LIVER    AND    PANCREAS    EXTRACTS    ON 

VARIOUS   ESTERS. 

We  have  not  succeeded  in  obtaining  clear  pancreas  extracts 

»  The  reasons  for  using  the  esters  in  acid  equivalent  quantities  are  given 
on  page  398  of  this  volume. 

»  When  alcoholic  KOH  was  used,  neutralized  85  per  cent,  alcohol  was 
always  added  as  described  on  p.  399  of  this  volume. 
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comparable  in  activity  to  that  of  the  turbid  extracts.  Hence 
only  turbid  extracts  of  liver  and  pancreas  have  been  used  in  this 
part  of  the  work.  Neglecting  for  the  present  the  possible  effect 
of  admixtures  present  in  the  extracts  with  the  enzyme  it  is 
obvious  that  if  the  same  enzyme  is  present  in  the  liver  and  pan- 
creas, and  if  this  one  enzyme  brings  about  the  hydrolysis  of  all 
the  esters,  then  whatever  ratio  obtains  between  the  activity  of 
given  liver  and  pancreas  extracts  when  any  given  ester  is  used 
should  obtain  also  when  the  same  extracts  act  upon  any  other  ester 
under  identical  conditions.  Thus  if  the  hydrolysis  of  three  esters 
by  a  pancreas  extract  be  represented  by  100,  60,  and  40  and  the 
action  of  a  liver  extract  on  the  first  under  the  same  conditions 
be  represented  by  200,  then  we  would  expect  the  action  of  the 
liver  extract  on  the  second  and  third  to  be  1 20  and  80  respectively. 
In  this  case  the  liver-pancreas  ratio  would  be  2  regardless  of 
which  ester  was  used  in  making  the  comparison.  Such  findings 
would  prove  that  the  hydrolysis  of  the  three  esters  is  brought 
about  by  the  same  enzyme.  Negative  results  would  not  neces- 
sarily prove  that  we  have  here  to  deal  with  different  enzymes. 
But  this  will  be  considered  later.  The  liver-pancreas  ratio  (^ 
has  been  determined  for  a  niunber  of  esters  and  will  always 
be  recorded  in  the  tables  which  follow.  As  stated,  however,  p 
will  only  be  constant  for  different  esters  if  the  liver  and  pancreas 
contain  the  same  enzyme  which  hydrolyses  all  of  the  esters 
used.  It  may  be,  however,  that  liver  and  pancreas  each  contain 
a  single  ester-splitting  enzyme  but  that  these  two  enzymes  are 
different.  If  the  liver  contains  a  single  lipolytic  enzyme  then 
we  would  expect  to  find  the  ratio  of  the  activity  of  a  given 
liver  extract  on  any  two  esters  to  be  the  same  for  every  other 
preparation  of  the  liver  under  the  same  conditions.  Thus  if  the 
activity  of  a  liver  extract  on  ethyl  butyrate  be  represented  by 
100  and  on  triacetin  by  50,  then  we  should  expect  this  ratio  to 
hold  for  every  other  liver  preparation  when  acting  on  these 
esters,  under  identical  conditions.  It  is  perfectly  obvious 
that  the  preparations  will  vary  in  their  absolute  activity 
on  the  esters,  but  if  one  enzyme  is  alone  accountable  for  these 
processes  we  would  expect  the  same  ratio  always  to  hold  between 
two  given  esters.^  Since  ethyl  butyrate  has  been  used  more 
1  Since  this  paper  was  sent  to  press  I  have  found  that  the  ester  values 


436        On  the  Ester-Splitting  Animal  Knzymes 

frequently  in  this  work  than  any  other  ester  it  is  tised  as  the 
basis  of  comparison,  and  the  amount  of  alkali  required  to  neu- 
tralize the  acid  formed  in  its  hydrolysis  has  been  placed  in  every 
case  at  100.  The  amount  of  hydrolysis  of  the  other  esters  has 
been  computed  on  this  basis  and  this  is  also  recorded  in  the  tables. 
The  nimibers  thus  obtained  will  be  referred  to  as  the  corresponding 
ester  value. 

Series  1.  Duration  of  experiments,  17  hours.  Temperature,  39"  C. 
One  c.c.  of  a  10  per  cent,  extract  of  liver  or  pancreas  of  a  dog  and  4  c.c. 
of  water  were  used  in  each  experiment. 

Ethyl  butyrate.  Triacctin.  Triacetin  value. 

Liver  8.65  5.15  59.5 

Pancreas  1.80  2.70  150 

-P  4.8  1.9 

Series  2.  Similar  in  all  respects  to  Series  1,  except  that  the  extracts 
of  the  organs  of  another  dog  were  used. 

Ethyl  butyrate.  Triacctin.  Triaoetin  value. 

Liver  5.15  5.35  104 

Pancreas  1.2  3.2  267 

p  4.3  1.67 

Series  i  and  2  show  that  f  is  about  2.5  times  as  great  when 
ethyl  butyrate  is  used  in  making  the  comparison  as  when 
triacetin  is  used.  On  the  supposition  that  the  liver  and  pan- 
creas each  contain  only  one  ester-splitting  enzyme,  these  exper- 
iments would  indicate  that  these  two  enzymes  are  different. 
Furthermore  it  will  be  noted  that  the  triacetin  values  for  the 
liver  and  pancreas  as  well  as  the  value  of  the  1.  with  each  ester 
showed  considerable  variation  in  the  two  series.  It  must  be 
emphasized  that  we  are  not  interested  in  the  absolute  values  in 
any  case,  as  it  might  be  expected  that  certain  individuals  would 

vary  to  a  great  extent  with  slight  alterations  in  the  conditions  of  the  ex- 
periments. Thus  a  ten  per  cent,  turbid  extract  of  pig's  liver  which  has 
stood  twenty-four  hours  in  the  incubator  gives  an  ethyl  acetate  value  of 
no.  If  this  extract  is  simply  filtered  it  gives  an  ethyl  acetate  value  of 
60.  Hence  the  turbid  extract  is  slightly  more  active  on  the  acetate 
than  on  ethyl  butyrate  while  the  same  extract  simply  filtered  is  only 
0.6  as  active  on  the  acetate  as  on  the  butyrate. — Note  added  during 
proof-reading. 
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yield  more  active  preparations  than  others.  The  ratios  should 
be  the  same,  however,  in  each  case  if  all  the  enzymes  concerned 
are  the  same.  Although  considerable  variation  is  seen  in  dif- 
ferent individuals  of  the  same  species  it  was  fotmd  on  comparing 
the  results  obtained  with  extracts  of  dog,  pig,  and  beef  organs 
that  the  dififerent  species  show  considerably  greater  variation  in 
these  values.  Quite  a  number  of  experiments  were  made  in 
order  to  determine  the  average  results  for  these  species,  and  on 
account  of  variations  encountered  with  individuals  of  the  same 
species  the  number  of  experiments  should  have  been  much 
larger.  The  following  is  a  stmmiary  of  the  averages  obtained 
with  the  above  species.  The  experiments  were  performed  with 
I  c.c.  of  10  per  cent,  extract  and  4  c.c.  of  water.  Duration,  18 
hours.     Temperature,  39®  C. 

TABLE  I.  VALUES  OP  ^ 

Ethyl  butyrate.  Diacettn.  Triacetln. 

Dog                                     4.69  0.84  1.4 

Pig                                      2.62  1.06  0.77 

Beef                                    1.51  1.94  2.88 

The  ester  values  found  in  the  same  experiments  average  as 

follows: 


ESTER  VALUES. 

Liver. 

Diacetin. 

Triacetin. 

Dog 

35 

64 

Pig 

28.5 

38 

Beef 

178 

Pancreas. 

203 

Dog 

213 

203 

Pig 

71    . 

124 

Beef 

134 

132 

This  table  shows  that  (i)  ^  varies  with  different  esters  when 
the  same  extracts  are  used ;  (2)  with  different  species  when  the 
same  ester  is  used;  and  it  has  also  been  pointed  out  that  it  varies 
to  a  considerable  extent  with  different  individuals  of  the  same 
species  when  the  same  ester  is  used.  It  will  be  seen  that  on 
ethyl  butyrate  dog  liver  is  4.69  times  as  active  as  dog  pancreas, 
while  beef  liver  is  only  1.51  times  as  active  as  beef  pancreas. 
When  the  comparisons  are  made  with  triacetin,  dog  liver  is 
1.4  times  as  active  as  dog  pancreas,  while  beef  liver  is  2.88  times 
as  active  as  beef  pancreas.  Hence  ?  with  ethyl  but)rrate  is  3  times 
as  large  for  the  dog  as  for  the  beef,  but  with  triacetin  -  for  the 
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beef  is  twice  as  large  as  for  the  dog.  An  examination  of  the  tabk 
shows  that  there  is  no  parallelism  even  between  diacetin  and 
triacetin.  The  differences  between  the  latter  esters  are,  however, 
much  smaller  than  between  them  and  the  butyrate.  This  lact 
is  also  strikingly  brought  out  in  the  ester  values.  It  has  been 
foimd  through  out  this  work  that  the  nearer  two  esters  are  related 
the  more  nearly  will  the  results  obtained  with  them  correspond. 
The  ester  values  vary  to  a  certain  extent  with  different  individuals 
of  the  same  species  and  to  a  greater  extent  with  different  species. 
In  order  to  indicate  further  how  p  will  vary  'with  different 
conditions  and  to  show  the  effect  of  dilution,  the  following 
experiments  are  given. 

Three  dogs  were  starved  for  2  days  and  killed  under  anaesthesia  by 
bleeding  from  the  portal  vein.  Ten  per  cent,  extracts  of  the  liver  and 
pancreas  were  prepared  in  each  case.  The  duration  of  all  the  experiments 
was  24  hours.  Temperature,  38®  C.  All  of  these  exx^erunents  were  per- 
formed at  the  same  time.  In  the  first  set  of  experiments  5  c.c.  of  the 
extracts  were  employed,  while  in  the  second  set  1  c.c.  of  the  extracts 
and  4  c.c.  of  water  were  used. 

Series  4.     First  set  of  experiments,  5  c.c.  of  the  extracts  used. 


Dog  1. 


Dog  2. 


Ethyl                       .  Triacetin 

butyrate.  Tnacetin.  value. 

Liver                                   12.3  10.31  84 

Pancreas                               2.65                 6.3  200 
^                                   4.64                  1.95 

Liver                                   11.75  14.0  119 

Pancreas                               2.6                   6.05  233 

4.5  2.3 


Dog  3. 


L 
P 


Liver  11.0  14.0  127 

Pancreas  3.45  5.25  153 

3.2  2.7 


L 
P 


Second  set  of  experiments:  1  c.c.  of  the  same  extract  and  4  c.c.  of  water 
were  used  in  each  experiment. 


Dog  1. 


Dog  2. 


Ethyl  Triacetin 

butyrate.  Triacetin.  vahie. 

Liver                                    7.15  8.16  114 

Pancreas                              0.7  0.95  136 

^  10.2  8.6 

Liver                                    6.55  7.06  106 

Pancreas                              0.65  1.4  215 

^  10.2  5.0 
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Dog  3. 

Liver 

Ethyl 
butyrate. 

6.25 

Triacetm. 
8.35 

Triacettn 
value. 

134 

Pancreas 

0.55 

1.1 

200 

L 
P 

11.4 

7.6 

Average  of  h  values. 

Set  1 

4.1 

2.3 

Set  2 

10.6 

7.1 

Average 
dog 

result  for 
p.  437 

4.69 

1.4 

Apart  from  the  interesting  individual  variations,  these  experi- 
ments show  (i)  that  the  liver  activit}''  compared  to  that  of  the  pan- 
creas is  much  greater  when  the  extracts  are  diluted ;  (2)  that  the 
animals  killed  in  this  way  after  a  period  of  starvation  present 
marked  differences  from  animals  killed  under  other  conditions. 
The  experiments  from  which  the  figures  in  Table  i  (p.  437)  were 
obtained  were  performed  with  the  diluted  extracts  and  are 
comparable  to  set  2  of  Series  4.  It  will  be  seen  that  ?,  deter- 
mined with  butyrate,  is  doubled  and  ^,  determined  with  triacetin^ 
is  increased  five  times  in  these  dogs.  The  triacetin  values  with 
the  starved  dogs  were  much  larger  with  the  liver  than  the  other 
animals  studied,  while  the  triacetin  values  with  the  pancreas 
were  about  the  same  as  with  ordinary  dogs.  These  animals 
seemed  to  differ  principally  in  the  great  activity  of  the  liver. 
Dilution  affected  the  triacetin  values  only  very  slightly.  These 
facts  can  be  readily  seen  in  the  following  summary: 

TRIACETIN  VALUES  FOR  STARVED  DOGS. 


Set  1.  Liver 

Pancreas 

Set  2.  Liver 

Pancreas 


Average  triacetin  value  for  fed  dogs,  p.  437 

Similarly  the  activities  of  liver  and  pancreas  extracts  of  the 
dogf,  pig,  and  beef  on  olive  oil  have  been  compared.  The  results 
obtained  were  quite  different  from  those  with  the  lower  esters- 
The  following  experiments  give  an  idea  of  the  activity  of  these 
extracts  on  olive  oil. 


(1) 

84 
200 

(2) 
119 
230 

(3) 

127 
152 

Avengo. 

110 
194 

114 
136 

106 
215 

134 
200 

118 
184 

Liver. 

Pancreas 

[starve! 
.437 

d  dogs) 

114 
64 

189 
203 
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'    Sbribs  5.    Ten  per  cent,  extracts  of  the  liver  and  pancreas  of  a  dog 

were  prepared  in  the  usual  way. 

(1)  10  c.c.  liver  extract.  (2)  10  c.c.  pancreas  extract. 

0.3  gm.  olive  oil.  0.3  gm.  olive  oil. 

0.2  c.c.  toluene.  0.2  c.c.  toluene. 

The  flasks  were  corked  and  well  shaken  at  the  beginnin^^  of  the  experi- 
ment. They  were  placed  in  the  thermostat  at  38^  C.  After  17  houis 
they  were  titrated  with  alcoholic  KOH  as  described  above. 

(1)  required  5.3  c.c.  j\j  KOII 

3^2  c.c.    "        *'      initial  acidity 

2.1  c.c.    **       '*      increase  in  acidity. 

(2)  required  25.6  c.c.  ^  KOH 

_4.7  c.c.   ^*        *'    initial  acidity. 

20.9  c.c.   *'        **     increase  in  acidity. 

Here  the  liver-pancreas  ratio  is  o.i.  As  the  result  of  a  large 
number  of  experiments  with  extracts  of  the  liver  and  pancreas  of 
the  dog,  pig,  and  beef  the  average  liver-pancreas  ratio  for  olive  oil 
was  0.134.  Therefore  the  relative  activity  of  extracts  of  the  liver 
and  pancreas  when  acting  on  the  esters  of  the  lower  fatty  acids  is 
quite  the  reverse  of  that  found  when  their  activity  on  the  higher 
fats  is  studied.  Unless  this  striking  fact  can  be  explained  we  must 
asstime  that  the  liver  and  pancreas  contain  different  enzymes 
or  attribute  the  hydrolysis  of  the  lower  esters  to  a  different 
ferment  from  that  which  effects  the  hydrolysis  of  the  higher  fats. 

The  effect  of  mixing  extracts  of  the  pancreas  and  liver  on  the 
rate  of  hydrolysis  of  the  lower  esters  and  fats  was  investigated 
in  the  hope  of  throwing  further  light  on  these  facts.  It  has  been 
shown  that  the  bile  salts  act  as  specific  accelerators  in  the  hydro- 
lysis of  amyl  salicylate  by  Magnus*  clear  liver  extracts,  and  it  has 
also  been  pointed  out  that  sodium  fluoride  inhibits  the  action  of 
pancreas  on  esters  far  more  than  on  fats.  Now  the  fact  that  the 
liver  is  more  active  on  the  esters  and  the  pancreas  more  active 
on  fats  could  be  explained  in  one  of  two  way^  without  assuming 
the  liver  and  pancreas  contain  different  enzymes  or  that  the 
hydrolysis  of  the  fats  and  esters  of  the  lower  fatty  acids  are  to 
be  attributed  to  different  enzymes,  (i)  The  liver  might  contain 
a  more  or  less  specific  inhibitor  for  the  action  of  the  enzyme  on 
the  fats.  (2)  The  pancreas  might  contain  a  more  or  less  specific 
accelerator  for  the  action  of  the  enzyme  on  fats.  In  the  former 
case  we  should  expect  to  find  that  on  mixing  liver  extract  with 
that  of  the  pancreas  the  activity  of  the  pancreas  on  olive  oil 
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would  be  diminished.     In  the  latter  case  we  shotild  expect  to  find 

that  mixing  liver  and  pancreas  extracts  would  cause  a  marked 

acceleration  of  the  hydrolysis  of  olive  oil,  because  the  accelerator 

present  in  the  pancreas  would  render  available  all  of  the  lipase 

present  in  the  liver.     The  results  of  the  experiments  on  mixtures 

of  the  extracts  acting  on  the  lower  esters  and  olive  oil  follow; 

Series  6.     Duration  of  experiments,  15  minutes.     Temperature,  40®  C. 
Ten  per  cent,  extracts  of  the  liver  and  pancreas  of  a  dog  were  employed. 

(1) 
2.0   c.c.  pancreas  ext. 

4.0     •*    water 

0.26   "    ethyl  butyrate 

0.1      "    toluene 


(2) 
2.0    c.c.  liver  ext. 
4.0     "    water 
0.26   '•    butyrate 
0.1     "    toluene 


(3) 

2.0    c.c.  pancreas 

2.0     "    fiver  ext. 

2.0     "    water 

0.26   ••    butyrate 

0.1      "    toluene 


(1)  required  1.7    c.c.  j'V  NaOH 

(2)  "         2.85 

(3)  "         4.5 
Sum  of  (1)  and  (2),  4.55 


i(     tt 


i<     (( 


((     II 


II 


II 


11 


Similar  results  were  obtained  when  triacetin  was  used. 
Hence  mixtures  of  liver  and  pancreas  extracts  when  acting 
on  the  esters  of  the  lower  fatty  acids  show  merely  the  activity 
of  the  ingredients  of  the  mixture,that  is,  no  acceleration  or  retarda- 
tion is  noted. ^  When  olive  oil  is  used,  on  the  other  hand,  a  remark- 
able acceleration  is  noted,  as  shown  in  the  following  experiments. 

Series  7.     Duration  of  experiment,  16  hours.     Temperature,  37**  C. 
Ten  per  cent,  extracts  of  pig's  fiver  and  pancreas  used. 


.     No. 

5  c.c. 

Pancreas 

Ext. 

6  c.c. 
Liver 
Ext. 

5  c.c. 
Water. 

5  c.c. 

Boiled 

Pancreas 

Ext. 

6  c.c. 

BoUed 

Liver 

Ext. 

0.3  gm. 

Olive 

OU. 

In- 
creasetn 
Acidity 

Percent 

of  Accel- 

eration. 

1 

+ 

+ 

7.30 

2 

+ 

+ 

4- 

10.65 
0.00 

3 

4- 

4- 

4- 

4 

4- 

4- 

0.8 

5 

+ 

4- 

4- 

1.55 

6 

4- 

4- 

4- 

0.00 

7 

+ 

+ 

16.95 

109 

8 

4- 

+ 

4- 

26.4 

116 

9 

4- 

4- 

4- 

9.55 

10 

+ 

4- 

4- 

2.95 

90 

*  In  experiments  with  triacetin  some  retardation  is  usually  noted. 
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From  Series  7  it  will  be  seen  that  by  mixing  extracts  of  the 
liver  and  pancreas  the  action  on  olive  oil  is  accelerated  to  double 
the  activity  of  the  extracts  when  acting  separately.  The  in- 
crease in  acidity  in  i,  4,  and  7  in  which  no  olive  oil  was  present 
is  undoubtedly  principally  due  to  the  hydrolysis  of  the  fat 
contained  in  the  extracts,  as  it  is  impossible  to  prepare  an  extract, 
of  the  pancreas  specially,  which  is  not  very  rich  in  fat.  That 
the  increase  in  the  acidity  is  due  to  the  hydrolysis  of  fat  is  in- 
dicated by  the  fact  that  the  addition  of  olive  oil  greatly  increases 
the  production  of  acid,  although  the  per  cent,  acceleration  noted 
with  mixtures  of  liver  and  pancreas  was  practically  the  same 
whether  olive  oil  was  added  or  not.  Boiled  liver  extract  in  this 
series  (Exp.  9)  caused  no  acceleration  in  the  action  of  pancreas 
extract;  in  fact  a  slight  retardation  is  noted.  In  other  cases 
boiled  liver  extract  caused  some  acceleration,  but  this  was  never 
comparable  with  that  produced  by  fresh  liver  extract.  The 
boiled  pancreas  extract  accelerated  the  action  of  the  liver 
extract  90  per  cent.,  but  the  action  of  the  liver  is  so  weak  that  this 
is  entirely  insufficient  to  explain  the  increased  action  noted  when 
both  extracts  are  employed  in  the  active  state.  In  order  to 
determine  the  most  favorable  mixture  of  the  extracts  to  show 
the  acceleration  the  following  experiments  were  tried : 

Series  8.  Duration  of  experiments,  24  hours.  Temperature,  38*  C 
Ten  per  cent,  extracts  of  pig  liver  and  pancreas.  0.3  gm.  of  olive  oil 
was  used  in  each  experiment. 


No. 

Pancreas  Ext. 
c.c. 

Liver  Ext. 
c.c. 

Water 
c.c. 

A  KOH 
Required 

Per  cent,  of 
Acceleratko 

1 

0.5 

9.5 

3.41 

2 

2.5 

7.5 

7.21 

3 

5.0 

5.0 

9.97 

4 

10.0 

21.6 

5 

10.0 

2.55 

6 

0.5 

9.5 

8.34 

43 

7 

1.0 

9.0 

16.33 

138* 

8 

2.5 

7.5 

20.60 

126 

♦As  no  corresponding  experiment  with  1  c.c.  pancreas  extract  +  9  c.c 
water  was  made  in  this  series  the  hydroljrsis  by  1  c.c.  pancreas  extract 
+  9  c.c.  of  water  was  estimated  from  Experiments  1  and  2  to  be  4.56. 
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In  this  series  (8)  of  experiments  the  greatest  acceleration  is 
seen  in  Experiment  7,  in  which  i  c.c.  of  pancreas  extract  and  9 
c.c.  of  liver  extract  were  employed.  These  quantities  of  the 
extracts  when  acting  separately  produced  an  amount  of  acid 
corresponding  to  6.85  c.c.  of  ^V  potasstiim  hydroxide,  but  when 
acting  together  required  16.33  c.c.  These  results  proved  clearly 
that  the  liver  does  not  contain  a  substance  which  inhibits  the 
hydrolysis  of  olive  oil  by  the  enzyme,  and  they  were  at  first 
interpreted  as  indicating  that  the  pancreas  containsanaccelerator, 
specific  for  the  action  of  the  enzyme  on  fats.  This  substance 
would  play  a  part  in  this  reaction  analogous  to  that  played  by  the 
bile  salts  in  the  hydrolysis  of  amyl  salicylate  by  the  clear  liver 
extracts.  It  was  proved,  however,  that  the  power  of  the  liver 
to  accelerate  the  action  of  the  pancreas  on  olive  oil  is  in  nowise 
connected  with  its  power  to  hydrolyze  the  esters  of  the  lower 
fatty  acids.  This  proof  lay  in  the  fact  that  the  extracts  of  other 
organs  which  have  less  than  one  tenth  the  activity  on  ethyl 
butyrate  that  the  liver  has,  are  capable  of  accelerating  the  action 
of  the  pancreas  extracts  on  olive  oil  to  the  same  extent  that  the 
liver  extract  does.  Thus  in  a  series  of  experiments  it  was  found 
than  an  extract  of  the  testicle,  which  had  only  one  ninth  the 
activity  of  the  liver  extract  on  ethyl  butyrate,  accelerated  the 
hydrolysis  of  olive  oil  by  pancreas  extract  to  an  extent  equal  to 
that  of  the  liver  extract.  Hence  the  idea  of  a  specific  accelerator 
in  the  pancreas  had  to  be  given  up. 

Many  experiments  were  performed  with  such  mixtiu"es  as 
liver  and  spleen,  and  liver  and  testicle,  but  no  accelerations 
were  noted  except  when  pancreas  extract  was  used  as  one  of  the 
ingredients  of  the  mixture.  It  was  not  determined  whether  the  ac- 
celerations noted  on  mixing  pancreas  extract  with  that  of  other 
organs  are  due  to  the  latter  accelerating  the  lipase  contained  in 
the  former,  or  whether  the  reverse  is  the  case,  since  boiling  either 
ingredient  greatly  diminishes  the  action  of  the  mixture.  The 
results  prove  conclusively,  however,  that  the  acceleration  noted 
with  mixtures  of  liver  and  pancreas  is  not  related  to  the  power 
of  the  liver  to  hydrolyze  the  esters  of  the  lower  fatty  acids.  ^ 

The  work  on  the  mixtiu"es  of  organ  extracts,  instead  of  explain- 
ing the  lack  of  parallelism  between  the  hydrolysis  of  the  higher  fats 
and  the  esters  of  the  lower  fatty  acids,  and  enabling  us  to  attribute 
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the  hydrolysis  of  all  to  a  single  ferment,  brought  out  a  further 
and  striking  difference  between  them,  namely,  that  by  mixing 
an  extract  of  the  pancreas  with  that  of  certain  other  organs  the 
action  on  the  fats  is  remarkably  acclerated,  while  the  action  on 
the  esters  of  the  lower  fatty  acids  is  merely  that  of  the  ingredients 
of  the  mixture.  These  experiments  taken  alone  -would  indicate 
that  the  enzymes  which  hydrolyze  the  lower  esters  and  the  fats 
are  different. 

The  average  value  of  ^  determined  with  organs  of  the  pig  on 
ethyl  butyrate  was  2.52.  The  same  determined  with  olive  oil 
was  0.14.  It  seemed  to  the  writer  to  be  of  interest  to  determine 
whether  the  value,  ^  gradually  decreases  as  higher  esters  are 
used,  or  whether  it  increases  up  to  a  certain  ester  in  the  fatty- 
acid  series  and  then  suddenly  drops  to  the  low  value  obtained  with 
olive  oil.  Accordingly  determinations  were  made  with  all  the 
esters  of  the  fatty-acid  series  obtainable.  Ten  per  cent,  extracts 
of  pig  liver  and  pancreas  were  employed;  i  c.c.  of  the  extract  and 
4  c.c.  of  water  were  treated  with  equivalent  quantities  of  the 
esters  and  allowed  to  act  for  16  hotu"S  at  39.®  The  results  were  as 
follows: 


TABLE    II. 

Ester. 

C.c.  of  Jo  AlkaU 
Required. 

Liver        Pancreas 

L 
P 

Bster  Valuer. 
Liver.         Pancreas. 

Ethyl  acetate 
"      propionate 
"      butjrrate 

Methyl  caprylate 
"        laurate 
"        palmitate 

14.15 
14.75 
13.15 
22.43 
3.05 
0.52 

1.3 

2.15 

4.07 

18.25 

7.48 
1.88 

10.9 
6.9 
3.2 
1.23 
0.42 
0.28 

108 
112 

100 

166 

23 

4 

32 

53 

100 

634 

260 

46 

Olive  oil* 

Diacetin 

Triacetin 

1.55 
3.75 
5.00 

10.65 
2.9 
5.04 

0.14 
1.29 
1.00 

12 
28.5 
38.0 

262 

71 

124 

This  series  shows  a  gradual  decrease  in  the  value,  j,  as  the 
esters  of  the  higher  fatty  acids  are  approached — that  is,  the  liver 
is  relatively   less,   and   the   pancreas  relatively   more,   active. 

»  The  values  for  the  esters  below  the  line  wjere  the  average  results 
determined  with  extracts  from  other  pigs. 
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Among  the  esters  studied  methyl  caprylate  is  the  most  readily 
hydrolysed  both  by  liver  and  pancreas  extracts.  On  this 
ester  the  liver  extract  is  still  more  active  than  the  pancreas 
and  the  value,  ^,  drops  below  i,  somewhere  between  the  esters 
of  caprylic  and  lauric  acids.  The  methyl  esters  of  caprylic  and 
lauric  acids  were  used  because  the  ethyl  esters  were  not  obtain- 
able. Kastle^  has  shown  however  that  with  the  lower  fatty 
acids  very  little  difference  toward  lipase  is  shown  by  correspond- 
ing methyl  and  ethyl  esters.  Hence  very  similar  figures  would 
probably  have  been  obtained  had  the  ethyl  esters  been  used. 

Table  II  also  shows  that  the  glycerine  esters  of  acetic  acid 
are  much  less  readily  hydrolyzed  by  liver  extract  than  ethyl 
acetate,  while  the  reverse  holds  true  for  the  pancreas.  The 
latter  hydrolyzes  triacetin  and,  in  most  cases  also,  diacetin  more 
readily  than  ethyl  acetate.  This  effect  of  the  alcohol  is  of  much 
interest.  It  is  very  probable  that  the  glycerides  of  the  higher 
fatty  acids  are  more  readily  hydrolyzed  by  pancreas  than  the 
methyl  and  ethyl  esters. 

Before  leaving  this  part  of  the  work  the  results  of  Loevenhart 
and  Souder  with  pancreatic  juice  should  be  recalled.  They 
obtained  the  following  results  when  pancreatic  juice  of  the  dog 
was  allowed  to  act  on  the  series  of  esters: 

Ester 

Ethyl  acetate 

"       propionate 

**       Dutjrrate 
Diacetin 
Triacetin 

It  will  be  observed  on  comparing  these  results  with  Table  II 
that  the  results  obtained  with  the  juice  are  quite  diflEerent 
from  those  obtained  with  either  the  liver  or  pancreas  extracts. 
Thus  the  activity  of  the  juice  toward  diacetin  and  triacetin  re- 
sembles that  of  the  pancreas  extract  more  than  that  of  the  liver, 
but  on  these  esters  the  juice  is  relatively  much  more  active  than 
either  of  the  extracts.  The  ester  values  obtained  with  the 
juice  resemble  more  nearly  those  obtained  with  the  extracts  of 
dog  pancreas.   (See  Table  ii.,  p.  437.) 

»  Bulletin  No.  26,  Hygienic  Laboratory  of  the  U.  S.  Public  Health  and 
Marine  Hospital  Service,  1906,  p.  43. 


fo   NaOH 

Ester  Values. 

Required. 

1.4 

58 

2.55 

106 

2.4 

100 

4.95 

206 

9.10 
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The  conclusions  to  be  drawn  from  this  part  of  the  work  are  as 
follows: 

(i)  The  activity  of  a  preparation  on  any  ester  may  vary 
more  or  less  independently  of  the  activity  toward  any  other  ester. 

(2)  In  an  homologous  series  of  esters  there  is  seen  a  more 
or  less  regtdar  chancre  in  the  reactivity  toward  given  preparations. 
Thus  the  value  of  t  gradually  falls  from  10.9  with  ethyl  acetate 
to  0.28  with  methyl  palmitate  in  the  series  here  presented.  The 
greater  the  differences  between  two  esters  the  greater  'will  be  the 
differences  in  the  results  obtained  with  them.  This  is  a  very 
striking  fact.  If  the  hydrolysis  of  each  ester  were  due  to  a  sepa- 
rate enzyme,  no  reason  for  this  regularity  would  be  assignable 
as  far  as  the  writer  can  see. 

(3)  Marked  differences  are  observable  between  ethyl  acetate  on 
the  one  hand  and  diacetin  and  triacetin  on  the  other.  Ethyl 
acetate  is  much  more  readily  hydrolyzed  by  liver  extract,  while 
the  acetins  are  more  readily  hydrolyzed  by  pancreas  extract 
and  especially  by  pancreatic  juice.  Triacetin  is  more  readily 
hydrolyzed  by  all  of  the  preparations  than  diacetin,  but  even 
between  these  two  esters  no  parallelism  exists.  This  is  the 
more  interesting  because  both  of  these  esters  are  freely  soluble 
in  water  and  the  products  of  their  hydrolysis  are  identical. 
Triglycerides  in  general  may  be  more  readily  hydrolyzed  and 
synthesized  than  diglycerides. 

THE    EFFECT    OF    CERTAIN    SUBSTANCES    ON    THE    HYDROLYSIS    OP 

VARIOUS  ESTERS 

Sodium  fluoride. — ^Loevenhart  and  Peirce^  found  the  hydro- 
lysis of  all  the  esters  investigated  to  be  greatly  inhibited  by  this 
substance.  Great  quantitative  diflEerences  are  to  be  noted, 
however,  with  different  esters.  Thus  the  hydrolysis  of  ethyl 
butjnrate  is  from  100  to  1000  times  as  sensitive  to  the  action  of 
the  fluoride  as  the  hydrolysis  of  olive  oil,  and  the  hydrolysis 
of  the  esters  of  acetic  acid  is  about  10  times  as  sensitive  as  that 
of  ethyl  but)n-ate.  In  extremely  dilute  solutions,  varying 
with  different  esters,  sodium  fluoride  may  accelerate  all  of  these 
processes.     Hence  there  is  a  striking  qualitative  similarity  in  the 

»  This  volume,  p.  397. 
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effect  of  sodium  fluoride  on  all  of  these  processes  and  equally 
remarkable  quantitative  differences.  Here  again  as  we  pass 
from  the  lower  to  the  higher  esters  of  the  fatty  acid  series  more 
fluoride  is  required  to  bring  out  corresponding  effects.  Liver 
extract  is  more  sensitive  to  the  fluoride  than  pancreas  ex- 
tract. 

The  Bile  Salts, — Loevenhart  and  Souder  ^  have  discussed  the 
effect  of  the  bile  salts  on  the  activity  of  pancreatic  juice.  They 
fotmd  that  the  bile  salts  accelerate  the  action  of  the  juice  on  all 
the  esters  studied,  but  here  again  different  esters  require  different 
concentrations  of  the  bile  salts.  Thus  concentrations  of  bile 
salts  required  to  accelerate  the  action  on  olive  oil  greatly  inhibit 
the  action  of  pancreatic  juice  on  triacetin.  The  tables  on  page 
422  show  the  effect  of  bile  salts  (o.i  per  cent.)  on  the  hydrolysis 
of  a  series  of  esters.  It  will  be  seen  that  the  bile  salts  catise  a 
different  degree  of  acceleration  with  each  ester.  A  few  experi- 
ments were  performed  to  determine  the  effect  of  the  bile  salts 
on  the  action  of  pancreas  extract. 

Series  9.  Duration  of  experiments,  16  hours.  Temperature,  38^  C. 
Five  c.c.  of  a  turbid  extract  of  pig's  pancreas  were  used  in  each  experi- 
ment, together  with  5  c.c.  of  a  1  per  cent,  solution  of  the  bile  salts  of 
5  c.c.  of  water. 


aV  Alkali 

Per  cent,  of 

Ester. 

Water. 

BUe  Salts. 

Reqtiired. 
c.c. 

Acceleration. 

Ethyl  butyrate 

-f 

4- 

13.35 
25.05 

88 

Triacetin 

-f 

— ^ 

15.45 

— 

«i 

— ' 

+ 

18.15 

17 

Olive  oil 

1 

— 

12.75 

— 

«i     t* 

— 

4- 

13.90 

9 

These  experiments  merely  prove  that  the  bile  salts  can  accele- 
rate the  action  of  pancreas  extract  on  the  esters  in  general.  The 
effect  of  bile  salts  on  the  action  of  pancreatic  extract  is  quite 
variable  and  in  many  instances  the  accelerations  noted  are 
very  slight.  Here  again  the  concentration  of  the  bile  salts  is  of 
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importance.  In  the  following  series  of  experiments  the  con- 
ditions were  accidentally  found  in  which  the  bile  salts  accelerated 
the  action  on  diacetin  and  retarded  the  action  on  triacetin. 

Series  10.  Dtiration  of  experiments,  21  hours.  Temperature,  39°  C. 
One  c.c.  of  10  per  cent,  pancreas  extract,  4  c.c.  of  water  'and  1  c.c.  of 
water  or  1  c.c.  of  a  1  per  cent,  solution  of  bile  salts  were  used  in  each 
experiment. 


Ettcr. 

Water. 

Bile  Salts. 

CO.  of  i^  NaOH  Required. 

Diacetin 
«• 

Triacetin 

4- 
4- 

5.20 

8.25  (Acceleration  59%) 
18.10 
11.55  (Inhibition  93%) 

It  is  certainly  remarkable  to  see  such  differences  between  two 
esters  so  closely  allied.  It  is  the  most  notable  instance  of  the 
independence  of  these  activities  found  in  this  work.  It  is 
to  be  noted  that  pancreas  extract  without  any  addition  is  far 
more  active  on  most  of  the  esters  than  pancreatic  jtiice.  This 
may  be  due  in  part  to  the  lecithin  content  of  the  pancreas. 

The  effect  of  the  bile  salts  on  liver  extract  is  very  interesting. 
As  already  pointed  out  they  are  essential  in  the  hydrolysis  of 
amyl  salicylate  by  clear  liver  extract.  The  bile  salts  do  not  in- 
crease the  hydrolysis  of  olive  oil  by  turbid  liver  extracts.  The 
bile  salts  usuallv  inhibit  the  action  of  turbid  and  clear  liver 
extracts  on  the  esters  of  the  lower  fatty  acids.  For  instance, 
the  bile  salts  acting  in  a  concentration  of  0.5  per  cent,  inhibited 
the  action  of  turbid  liver  extract  on  ethyl  butyrate  91  per  cent, 
and  on  triacetin  85  per  cent.  Very  interesting  results  were 
obtained  in  the  experiments  with  clear  10  per  cent,  liver  extract. 
In  these  experiments  aqueous  solutions  of  ethyl  acetate,  propio- 
nate and  butyrate  were  used,  and  as  the  experiments  were  of 
short  duration  no  toluene  was  used.  These  experiments  were 
therefore  conducted  in  water-clear  solutions. 


Series  11.  Duration  of  experiments,  2  hours.  Temperature,  30®  C. 
The  amounts  of  the  ester  solutions  employed  in  each  experiment  were 
equivalent  to  10  c.c.  of  a  ~  solution  and  the  total  volume  in  every  case 
was  made  up  to  15.4  c.c.  with  the  extract  and  water  or  solutions  of  the 
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bile  salts.     One  c.c.  of  10  per  cent,  clear  liver  extract  was  used  in  every 
experiment.     The  figures  express  the  percentage  of  the  ester  hydrolyzed. 


Ester. 

Water. 

Bile  Salts. 
0.83  per  cent.    0.67  per  cent.           1  per  cent. 

Ethyl  acetate 
**      propionate 
"      butyrate 

14.1 
46.0 
69.7 

2.5 
5.6 
5.0 

3.7 

6.8 
7.2 

5.2 
11.2 
11.2 

The  percentage  inhibition  catised  by  the  bile  salts  in  this  series  was  as 
follows: 


Ester. 

Bile  Salts. 
0.33  per  cent.             0.67  per  cent.         1  per  cent. 

Ethyl  acetate 
"      propionate 
"       Dutyrate 

82 
88 
93 

74 
85 
90 

63 
76 

84 

It  will  be  seen  that  the  hydrolysis  of  the  propionate  was  in 
most  case  intermediate  between  that  of  the  acetate  and  butyrate. 
The  percentage  inhibition  in  the  case  of  the  propionate  is 
almost  a  mean  between  that  of  the  acetate  and  butyrate. 
Kastle  ^  fotmd  that  in  the  hydrolysis  of  these  esters  in  similar 
experiments  the  propionate  approaches  a  mean  between  the 
other  two.  He  did  not  study  the  effect  of  the  bile  salts  on  the 
reaction.  It  will  also  be  noted  that  the  inhibiting  action  of 
the  bile  salts  increases  with  the  molecular  weight  of  the  acid 
of  the  ester  and  this  explains  why  the  hydrolysis  of  the  pro- 
pionate may  exceed  that  of  the  butyrate  in  the  presence  of 
the  bile  salts.  In  this  respect  the  effect  of  the  bile  salts  is  quite 
the  opposite  of  that  of  sodium  fluoride.  It  is  also  striking 
that  the  inhibiting  effect  of  the  bile  salts  is  much  greater  in 
the  more  dilute  solution,  0.33  per  cent.,  than  in  greater  concen- 
trations. 0.67  per  cent,  and  i  per  cent. ;  and  in  this  connection  a 
most  interesting  parallelism  was  found  to  exist  between  the 
inhibition  noted  and  the  degree  of  turbidity  which  always 
developed  in  the  experiments  with  the  bile  salts.  In  the  ex- 
periments without  the  bile  salts  the  solutions  remained  perfectly 
clear.     All   those  which  contained   bile   salts  became    turbid, 

»  Bulletin  No.  26,  Hygienic  Laboratory  of  the  U.  S.  Public  Health 
and  Marine  Hospital  Service,  p.  43,  1906. 
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and  the  greater  the  turbidity  developed  the  g^reater  was  the 
inhibition  noted.  Thvis  the  turbidity  was  greatest  in  the  flasks 
with  the  batyrate  and  least  in  the  acetate  experiments.  More- 
over the  turbidity  was  greatest  in  the  flasks  with  the  dilute 
bile  salts,  0.33  per  cent.,  and  least  in  the  most  concentrated, 
i.e.  I  per  cent.  In  order  to  determine  the  limits  of  this  paral- 
lelism between  the  turbidity  and  the  inhibiting  action  of  the 
bile  salts  the  following  experiments  were  performed. 

Series  12.  Dtiration  of  experiments,  144  minutes.  Temperature, 
28^  C.  The  qtiantity  of  ester  solutions  used  in^each  case  eqiiaOed  10  c.c. 
of  a  ^^  solution  The  total  volume  was  20  c.c,  and  1  c.c.  of  10  per  cent. 
clear  liver  extract  was  acting  in  each  experiment.  The  numbers  again 
indicate  the  percentage  hydrolysis. 


Ester. 

Water. 

Bile  Salts. 
6.67%         0.2%           0.02%         0.002% 

Ethyl  acetate 
**      propionate 
'*      butyrate 

12.6 
52.7 
66.4 

10.4 
61.7 
70.5 

6.0 
6.2 
9.4 

10.9 
44.4 
73.6 

10.8 
51.5 
72.2 

The  percentage  inhibition  caused  by  the  bile  salts  in  this  series  was  as 
follows;  the. negative  sign  ( — )  before  a  number  indicating  acceleration: 


Ester. 


BUe  Salto. 


6.67% 


0.2% 


0.02% 


0.002% 


Ethyl  acetate 

17 

62 

13 

14 

"      propionate 
*'      butyrate 

2 

88 

16 

2 

~8 

86 

—12 

—10 

This  series  brings  out  several  additional  points.  The  parallel- 
ism between  the  inhibition  and  turbidity  was  again  borne  out 
almost  perfectly  except  in  this,  that  the  bile  salts  in  0.02  per  cent 
solution  accelerated  the  action  on  the  butyrate  and  still  showed 
a  faint  ttirbidity  which  was  less,  however,  than  that  observed 
with  the  other  esters.  In  the  0.002  per  cent,  solution  no  tur- 
bidity developed.  The  statement  previously  made  that  the 
inhibiting  action  of  the  bile  salts  increases  with  increasing  mo- 
lectdar  weight  of  the  acid  has  to  be  qualified.  It  only  holds  for 
the  bile  salts  within  a  certain  range  of  concentration  (about  i 
to  0.2  per  cent,    solutions).      With  greater  concentration  and 
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greater  dilution  the  inhibiting  action  on  the  hydrolysis  of  all  the 
ester  is  less,  and  decreases  with  increasing  molectdar  weight  of 
the  acid,  or  even  acceleration  may  be  noted  in  the  case  of  the 
butyrate. 

The  reason  for  the  parallelism  between  the  turbidity  and  the 
inhibition  is  obscure.  As  stated  the  bile  salts  are  essential. 
The  bile  salts  produced  no  turbidity  with  the  enz5rme  nor  with 
the  ester  alone,  and  no  turbidity  is  developed  in  the  mixture  of 
all  three  if  the  solution  is  kept  neutral.  On  acidifying  a  mixture 
of  the  extract  and  bile  salts  the  turbidity  quickly  appears  and  it 
is  undoubtedly  due  to  the  precipitation  of  some  constituent  of 
the  extract  by  the  bile  acids.  Maly  and  Emich^  made  a  careful 
study  of  the  precipitation  of  proteids  by  the  bile  acids  and  showed 
it  to  be  an  extremely  delicate  test  for  certain  proteids.  The 
simple  production  of  a  turbidity  would  not  inhibit  these  processes 
since  they  occur  readily  in  the  turbid  extract.  Something 
essential  to  the  process  must  be  rendered  functionless  in  the 
production  of  the  turbidity.  Further  work  along  this  line  is 
contemplated. 

THE   EFFECT    OP   HEAT   ON    PANCREAS    POWDERS. 

The  effect  of  heating  the  dry  pancreas  powders  was  studied 
in  order  to  determine  whether  the  activity  toward  ethyl  butyrate 
and  olive  oil  would  suffer  eqtially  and  disappear  simultaneously. 
In  1892  Jacobson2  employed  a  similar  method  to  determine 
whether  the  power  of  almonds  to  decompose  hydrogen  peroxide 
is  to  be  attributed  to  emtdsin  or  to  the  presence  of  another 
ferment.  He  found  that  the  power  to  decompose  hydrogen 
peroxide  is  more  readily  lost  on  heating  these  preparations  than 
is  the  emtdsin,  and  concluded  that  the  catalysis  of  hydrogen 
peroxide  is  due  to  a  separate  enzyme.  Subsequent  work  has 
shown  the  correctness  of  this  view. 

0.5  gm.  of  pancreas  powder  was  heated  at  110*^  C.  for  1)  hours  in  an 
air  bath.     It  was  then  removed,  cooled,  and  ground  up  with  50  c.c.  of 


«  MoncUsh.  f.  Chem,,  iv,  p.  89,  1883;  vi,  p.  95,  1885. 
2  Zeitschr.  /.  physioL  Chem.,  xvi,  p.  340,  1892. 
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water  to  a  homogeneous  siispension.    A  similar  stispension  was  prepared 
from  the  same  specimen  of  powder  unheated. 

(1)  5       c.c.  suspension  of  tmheated  powder. 
0.26   ••     ethyl  butyrate. 

0.1     "     toluene. 

(2)  Duplicate  of  (1). 

(3)  Same  as  (1),  but  suspension  of  heated  powder  used. 

(4)  Duplicate  of  (3). 

All  acted  for  one  hour  at  40®. 

(1)  required  1.55  c.c.    "    NaOH 

(2)  "         1.46    " 
Average  of  (1)  and  (2)   1.6     "      " 

(3)  required  0.75   "      " 

(4)  "         0.6      "      " 
Average  of  (3)  and  (4)  0.67    "     " 

Decrease  in  activity  towards  ethyl  butjrrate  65  per  cent. 

Action  of  thb  Above  Suspensions  on  Olive  Oil. — Each  flask  con- 
tained 10  c.c.  of  suspension,  0.3  gm.  of  olive  oil  and  0.2  c.c.  of  toluene. 
After  acting  at  40®  C.  for  18  hours  20  c.c.  of  neutralized  alcohol  were 
added  and  the  titration  with  /^^  alcoholic  KOH  carried  out,  using 
phenolphthalein  as  the  indicator. 

(1)  Suspension  of  tmheated  powder  required  10.0  c.c.  KOH 

(2)  •*  *•  "  ••  "         10.3    " 

(3)  "  "  ••  "  "         10.3    " 


Average     10.2 


(4  (« 


(1)  Suspension  of  heated  powder  required  10.65  c.c.  KOH 

(2)  "  "        "  "  "  9.8 

(3)  "  *•        "  "  "         10.15 


<«        (( 


Average     10.2 
Decrease  in  activity  towards  olive  oil  0.0. 

Thus  when  heated  at  1 10°  C.  for  li' hours  this  particular  pancreas 
powder  retained  only  half  of  its  activity  on  ethyl  butyrate,  while 
its  action  on  olive  oil  remained  imdiminished.  In  a  large  number 
of  experiments  in  which  the  pancreas  powders  were  heated  for 
varying  periods  of  time  at  different  temperatures  the  activity 
on  the  esters  of  the  lower  fatty  acids  was  uniformly  fotmd  to  be 
more  sensitive  to  heat  in  this  dry  state  than  the  activity  towards 
the  fats.  In  one  case  in  which  the  activity  towards  triacetin 
was  also  studied,  the  decrease  in  this  activity  was  intermediate 
between  the  other  two  but  was  somewhat  nearer  that  of  the 
butyrate.   Another  striking  fact  brought  out  by  these  experiments 
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is  the  comparative  stability  of  these  enzymes  toward  heat  in  this 
dry  powder  form.  The  lipolytic  enzyme  has  always  been  thought 
to  be  one  of  the  most  unstable  of  enzymes,  but  in  the  dry  state 
it  seems  to  be  about  as  stable  towards  heat  as  other  enzymes. 
After  heating  the  powder  at  125°  C.  for  35  minutes  the  activity 
towards  ethyl  butyrate  was  decreased  79  per  cent,  and  towards 
olive  oil,  62  per  cent. 

Taylor^  has  shown  that  the  lipolytic  activity  of  the  dry 
powder  obtained  from  the  castor  bean  is  also  very  stable  toward 
dry  heat.  As  mentioned  above  the  liver  powders  were  always 
foimd  to  be  less  active  than  the  corresponding  preparations  from 
the  pancreas.  It  was  found  that  the  ester-splitting  function  of 
the  liver  powders  is  more  sensitive  to  dry  heat  than  that  of  the 
pancreas  powders. 

DISCUSSION  OP  RESULTS. 

Before  considering  the  question  of  the  identity  of  the  enzymes 
concerned  in  the  hydrolysis  of  various  esters  in  the  light  of  the 
results  here  presented,  it  is  necessary  to  define  the  term  enzyme, 
or  at  least  for  the  writer  to  state  what  he  understands  that 
term  to  mean.  That  there  are  differences  of  opinion  as  to  what 
is  meant  by  the  term  is  indicated  by  the  recent  controversies 
on  the  identity  or  non-identity  of  certain  enzymies.  Prepara- 
tions from  various  living  tissues  have  been  shown  to  accelerate 
the  hydrolysis  of  certain  substances.  2  It  has  been  generally 
supposed  that  the  acceleration  of  a  reaction  caused  by  a  given 
preparation  is  due  to  a  substance  contained  in  the  mixture 
which  is  called  an  enzyme.  As  a  matter  of  fact  it  never  has 
been  shown  that  only  one  substance  contained  in  the  preparation 
is  responsible  for  the  acceleration,  and  the  generally  prevailing 
idea  is  in  part  responsible  for  the  confusion.  It  has  been  found 
that  a  solution  possessing  such  an  accelerating  action  usually 
retains  its  activity  after  prolonged  dialysis.  Hence  the  state- 
ment is  mkde  that  the  enzyme  is  not  a  dialyzable  substance. 
It  has  been  found  that  on  boiling  a  solution  possessing  such  an 

>  Univ,  of  Col.  Pub.,  Path,,  i,  p.  33,  1904. 

>  The  discussion  is  here  confined  to  the  hydrolytic  enzymes. 
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accelerating  action  the  activity  is  lost.  Hence  the  statement  s 
made  that  the  enzyme  is  destroyed  by  boiling.  Now  it  is  per- 
fectly obvious  that  the  word  enzyme  in  the  sense  here  used 
really  signifies  a  certain  property  of  the  mixture,  or  the  mixture 
which  possesses  that  property  and  which  can  only  be  recognized 
by  that  property,  without  any  reference  whatever  to  the  number 
of  substances  present  which  arc  essential  to  it.  It  is  perfectlv 
proper  to  say  that  on  boiling  saliva  the  property  of  rapidlr 
hydrolysing  starch  is  lost  and  this  is  all  that  the  experiment 
shows.  It  must  be  borne  in  mind  that  in  all  the  enzvmic 
preparations  hitherto  obtained,  we  have  in  addition  to  the 
catalytic  substance  or  mixture  of  substances,  i.e,  the  enzyme,  an 
unknown  quantity  and  ntunber  of  admixtures  the  effect  of 
which  must  for  the  present  remain  unknown.  This  admixture i 
often  of  the  greatest  importance.  Thus  the  work  of  Magnuss 
and  the  writer  has  shown  that,  in  addition  to  the  enzyme,  the 
bile  salts  are  essential  in  the  hydrolysis  of  amyl  salicylate  by 
liver  extract.  Similarly  an  acid  is  essential  in  the  action  oc 
pepsin  on  proteids.  Chamoz  and  Doyon^  found  that  pancreas 
extract  does  not  hydrolyse  amyl  salicylate  and  therefore  con- 
cluded that  it  does  not  contain  the  necessary  enzyme,  and  that 
the  enzyme  here  concerned  is  different  from  that  which  hydro- 
lyses  monobutyrin.  Now  it  is  quite  possible  that  the  pancreas 
does  contain  the  enzyme  but  that  in  the  absence  of  the  bile  salts 
it  is  unable  to  manifest  itself,  and  in  the  light  of  recent  results 
it  would  be  rather  hazardous  to  say  that  the  enzyme  which 
hydrolyses  amyl  salicylate  is  not  the  same  as  that  concerned  in 
the  hydrolysis  of  monobutyrin.  The  physiologist  is  interested 
primarily  in  the  processes  which  occur  in  a  given  organism  or 
locality  under  the  conditions  which  obtain  there,  and  the  exist* 
ence  of  an  enzyme  in  a  tissue  without  the  conditions  necessary 
for  its  action  is  to  the  physiologist  a  matter  of  interest  but  is  of 
secondary  importance.  He  is  interested  in  the  combined  effects 
of  all  the  substances  foimd  there.  In  this  sense,  therefore, 
physiologists  may  look  upon  the  bile  salts  as  an  essential  part 
of  the  enzyme  which  hydrolyses  amyl  salicylate.  Similarly  in 
testing  for  the  presence  of  pepsin  in  the  tissues  it  is  necessarf 

1  hoc.  cU, 


A.  S.  Loevenhart  455 

to  add  hydrochloric  acid  or  some  other  acid.  The  writer  thinks 
that  in  these  processes  the  bile  salts  and  the  acid  which  can  be 
readily  separated  from  the  enzymic  preparations  shotdd  be 
called  coferments. 

All  of  the  hydrolytic  enzymes  at  present  known  are  destroyed 
by  heat,  are  non-dialysable  and  are  catalytic  in  their  action  so 
far  as  this  has  been  studied.  It  is  to  such  a  mixture  of  substances 
that  the  term  enzyme  shovdd  be  restricted  at  present,  and  the 
term,  coferment,  can  designate  those  substances  which  fail  to 
have  any  of  the  above  properties  but  which  are  essential  to  the 
action  of  the  above  group.  The  word  enzyme  is  used  in  this 
paper  only  in  the  sense  of  this  definition.^ 

From  the  above  discussion  the  great  diflSculty  of  dealing  with 
the  question  of  the  identity  or  non-identity  of  the  enzymes  con- 
cerned in  the  hydrolysis  of  the  various  esters,  is  perfectly 
apparent.  We  have  first  to  consider  whether  the  ester-splitting 
enzyme  of  the  liver  is  identical  with  that  of  the  pancreas,  and 
then  whether  the  hydrolysis  of  different  esters  by  liver  and 
pancreas  is  to  be  attributed  to  a  single  enzyme  in  each  case. 
The  enzymes  of  the  liver  and  pancreas  present  certain  resem- 
blances and  striking  differences.  The  actions  of  both  are 
remarkably  sensitive  to  sodium  fluoride.  In  ordinary  con- 
centrations this  substance  greatly  inhibits  the  action  of  pancreas 
or  liver  extract  on  all  of  the  esters  studied.  This  is  the  most 
striking  resemblance  which  this  work  has  brought  out.  Further- 
more all  the  esters  here  studied  which  are  hydrolysed  by  the 
liver  are  also  hydrolysed  by  the  pancreas. 

The  most  striking  difference  which  has  been  made  out  between 
pancreas  and  liver  extracts  may  be  stated  as  follows.  When 
the  activity  of  the  liver  extract  on  the  esters  of  the  lower  fatty 
adds  is  compared  with  that  of  the  pancreas  it  is  found  that  the 
liver  is  several  times  as  active  as  the  pancreas,  but  when  the 

>  It  is  interesting  to  note  in  this  connection  K<lline*s  reason  for  intro- 
ducing the  word  enzyme  and  what  he  denoted  by  that  term.  "Um 
Missverstftndnissen  vorzubeugen  und  Ifistige  Umschreibungen  zu  ver- 
meiden  schldgt  Vortragender  vor,  die  ungeformten  oder  nicht  organisirten 
Fermente  deren  Wirkung  ohne  Anwesenheit  von  Organismen  und  ausser- 
halb  derselben  erfolgen  kann,  als  Enzyme  zu  bezeichnen." — Verhandl.  d. 
naiurh,  med,  Verein  Heidelberg^  N.  P.,  i,  p.  190,  1877. 
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higher  fats  are  used  in  making  the  comparison  the  activity  of 
the  liver  is  but  a  small  fraction  of  that  of  the  pancreas.  It  was 
shown  that  this  difference  cannot  be  due  to  the  conditions  pre- 
vailing in  the  liver  because  a  mixture  consisting  of  90  per  cent, 
liver  extract  and  10  per  cent,  pancreas  extract  is  a  very  favor- 
able meditmi  for  the  action  of  the  pancreas  on  olive  oil.  These 
observations  seem  to  necessitate  the  view  that  the  ester-splitting 
enzymes  of  the  liver  and  pancreas  are  different.  Various  other 
differences  were  noted  but  these  may  be  attributed  to  differences 
in  the  environment  of  the  enzymes.  Such  for  instance  is  the 
fact  that  it  is  very  easy  to  obtain  the  enzyme  of  the  liver  in  a 
clear  solution,  while  this  was  not  very  successftdly  done  in  the 
case  of  the  pancreas.  Again  liver  extract  is  far  more  sensitive 
to  the  inhibiting  action  of  bile  salts  and  sodium  fluoride  than 
pancreas  extract  and  finally  the  liver  powders  -were  rendered 
inactive  at  a  lower  temperature  than  the  pancreas  powders. 

Having  concluded  that  the  enzymes  of  the  liver  and  pancreas 
are  different,  we  have  now  to  consider  whether  each  of  these 
tissues  contains  a  single  enzyme  which  hydrolyses  all  of  the 
esters  or  whether  the  hydrolysis  of  each  ester  is  due  to  a  separate 
enzyme.  It  is  possible  also  that  there  may  exist  an  enzyme 
which  hydrolyses  only  one  group  of  esters  and  that  these  tissues 
contain  separate  enzymes  for  the  different  groups  of  esters  upon 
which  they  act.  Here  again  certain  facts  speak  for  and  others 
against  each  of  these  views.  The  following  facts  favor  the 
view  that  the  hydrolysis  of  each  ester  is  due  to  a  separate  enz3rme: 

(i)  A  study  was  made  of  the  activity  of  similar  liver  extracts 
on  several  esters  and  the  activity  in  each  case  was  calctdated  in 
terms  of  the  activity  on  ethyl  butyrate.  It  was  found  in  this 
way  that  the  relative  hydrolysis  of  two  esters  may  vary  with 
similar  extracts  of  livers  of  different  individuals.  Thus  in  one 
case  an  extract  of  a  dog's  liver  hydrolysed  one-third  as  much 
triacetin  as  ethyl  butyrate,  while  a  similar  extract  of  the 
liver  of  another  dog  hydrolysed  the  two  esters  equally  well. 
Similar  variations  were  noted  when  pancreas  extracts  were  used. 
The  differences  are  far  more  striking  with  different  species  than 
with  different  individuals  of  the  same  species.  Thus  with  dog 
liver  extracts  the  hydrolysis  of  triacetin  averaged  64  per  cent, 
of  that  noted  with  ethyl  but)n:ate,  while  with  similar  extracts  of 


A.  S.  Loevenhart  457 

beef  liver  the  hydrolysis  of  triacetin  averaged  203  per  cent, 
of  that  of  the  butyrate. 

The  conclusion  from  these  experiments  then  is  that  the  activity 
of  extracts  of  the  same  tissue  obtained  from  different  individuals 
and  species  may  vary  in  their  activity  toward  one  ester  more 
or  less  independently  of  the  activity  toward  another 
ester. 

(2)  The  effect  of  sodium  fluoride  and  of  bile  salts  on  the 
activity  of  an  extract  varies  with  different  esters.  In  these 
experiments  the  concentration  of  the  fluoride  and  the  bile  salts 
plays  a  very  important  part.  Thus  the  action  of  a  pancreas 
extract  on  triacetin  can  be  greatly  inhibited  by  the  fluoride,  while 
the  action  on  olive  oil  will  be  accelerated  under  the  same  condi- 
tions. Similarly  the  concentration  of  the  bile  salts  required  to 
accelerate  the  action  of  pancreatic  juice  on  olive  oil  greatly 
inhibits  its  action  on  triacetin. 

(3)  On  heating  the  dry  pancreas  powders  at  110^-115°  C. 
the  activity  toward  ethyl  butyrate  suffers  much  more  than 
its  activity  toward  olive  oil. 

The  following  facts  favor  the  view  that  the  hydrolysis  of  the 
various  esters  by  liver  are  due  to  a  single  enzyme  and  that  the 
same  holds  true  for  the  pancreas: 

(i)  The  qualitative  effects  of  sodium  fluoride,  the  bile  salts 
and  lecithin  on  the  hydrolysis  of  all  of  the  esters  are  the  same 
although  the  quantities  required  to  show  corresponding  effects 
may  differ  widely  for  different  ester§. 

(2)  A  study  of  the  ethyl  esters  of  the  fatty  acid  series  showed 
that  under  nearly  all  conditions  a  certain  regularity  is  seen  as  we 
pass  from  the  lower  to  the  higher  esters.  Thus  the  inhibiting 
action  of  the  fluoride  decreases  as  the  molectdar  weight  of  the 
ester  increases.  The  inhibiting  action  of  the  bile  salts  in  o.a-i 
per  cent,  solution  increases  with  increasing  molectdar  weight 
of  the  ester  while  in  greater  and  in  less  concentrated  solutions 
the  inhibiting  action  was  found  to  decrease  with  increasing 
molectilar  weight  of  the  ester.  Ethyl  esters  of  acetic,  propionic, 
and  butyric  acid  were  used  in  this  part  of  the  work  and  the  above 
statements  are  made  only  in  reference  to  these  three 
esters. 
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When  the  activity  of  a  liver  extract  was  compared  to  the 
activity  of  a  pancreas  extract  using  a  series  of  methyl  and  ethyl 
esters  it  was  found  that  the  value,  p,  decreases  as  the  molecular 
weight  of  the  acid  from  which  the  ester  is  derived,  increases. 
Thus  the  value  of  ?  determined  for  certain  extracts  with  ethyl 
acetate  was  found  to  be  10.9  while  with  methyl  palmitate  it  was 
fotmd  to  be  0.28.  With  the  intermediate  esters  the  values 
found  lay  between  these  limits  and  were  in  the  inverse  order 
to  the  molecvdar  weight  of  the  corresponding  acids. 

This  regularity  seen  in  the  homologous  series  is  inexplicable 
on  any  other  grounds  than  that  one  agency  is  concerned  in  the 
hydrolysis  of  the  esters  belonging  to  the  series.  If  each  of  these 
processes  were  independent  we  shovdd  certainly  find  irregular- 
ities  in  such  a  series  of  experiments.  It  would  be  extremely 
interesting  to  compare  an  homologous  series  of  ethyl  esters 
with  a  corresponding  series  of  glycerine  esters.  This  might 
prove  whether  or  not  the  hydrolysis  of  the  esters  of  both  series 
represent  the  same  enzymic  function.  The  writer  believes  that 
it  would  indicate  the  identity  of  these  processes. 

If  we  asstune  that  one  enzyme  hydrolyses  all  of  these  esters, 
the  question  arises  how  are  we  to  accoimt  for  the  fact  that  the 
activity  of  a  given  tissue  from  different  animals  on  one  ester 
can  vary  independently  of  its  activity  on  another  ester?  The 
writer  takes  the  view  that  such  variations  are  due  to  variations 
in  the  admixture  of  substances  in  the  extracts.  All  that  can  be 
said  to  be  proved  is  that  all  of  these  processes  show  certain 
resemblances  and  certain  points  of  difference. 

SUMMARY. 

1.  The  activity  of  the  same  tissue  from  different  animals  on 
one  ester  may  vary  independently  of  the  activity  on  any  other 
ester  within  certain  limits. 

2.  The  ratio  of  the  activity  of  the  liver  to  that  of  the  pancreas 
/  p)  when  a  given  ester  is  used  varies  to  a  certain  extent  with 
different  individuals  of  the  same  species  and  to  a  greater  extent 
with  different  species. 

3.  Using  the  same  liver  and  pancreas  extracts  (pig)  through- 
out, the  value  of  p   was  determined  for  a  series  of  methyl  and 
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ethyl  esters  of  the  fatty  acids.  It  was  found  that  the  value  of 
i  varies  for  different  esters.  Ethyl  acetate  gave  the  highest 
value  (10.9)  and  there  was  a  gradual  decrease  as  the  molectdar 
weight  of  the  corresponding  acid  increased,  until  with  methyl 
palmitate  the  value  found  was  0.28.  For  olive  oil  the  average 
value  of  p  was  0.14. 

4.  Pancreatic  extract  and  pancreatic  juice  are  more  active 
on  triacetin  than  on  diacetin,  and  usually  more  active  on  diacetin 
than  on  ethjl  acetate.  Liver  extract  is  much  more  active  on 
the  latter  ester  than  on  the  acetins. 

5.  The  action  of  mixtures  of  liver  and  pancreas  extracts 
on  ethyl  butyrate  is  equal  to  that  of  the  ingredients  of  the 
mixture  when  acting  separately.  The  action  of  such  mixtures 
on  olive  oil  is  far  greater  than  that  of  the  ingredients  the  accel- 
eration in  some  cases  being  over  100  per  cent.  It  is  impossible 
to  say  whether  the  liver  accelerates  the  pancreas  or  tnce  versa 
but  the  acceleration  is  not  related  to  the  high  activity  of  the 
liver  on  lower  esters  because  extracts  of  the  testicle  and  spleen 
which  have  very  little  action  on  ethyl  butyrate  similarly  accel- 
erate the  hydrolysis  of  olive  oil  when  mixed  with  pancreas 
extract. 

6.  Bile  salts  in  the  proper  concentration  accelerate  the  action 
of  pancreatic  extract  on  ethyl  but)rrate,  triacetin,  and  olive  oil, 
but  the  accelerations  noted  were  much  less  than  was  observed 
with  pancreatic  juice. 

7.  Bile  salts  in  0.2  to  i.  per  cent,  solution  greatly  inhibit  the 
action  of  clear  liver  extract  on  aqueous  solutions  of  ethyl  acetate, 
ethyl  propionate  and  ethyl  butyrate  and  the  inhibition  increases 
with  increasing  molectdar  weight  of  the  ester.  When  employed 
in  greater  or  in  less  concentrated  solutions  the  inhibiting  action 
of  the  bile  salts  decreases  with  increasing  molectdar  weight  of 
the  ester.  In  all  of  the  experiments  the  solutions  became  turbid 
and  there  was  a  remarkable  parallelism  between  the  extent  of  the 
turbidity  and  the  inhibition  noted. 

8.  Regarding  the  identity  or  non-identity  of  the  enzymes 
concerned  in  these  processes  the  tentative  conclusions  reached 
are  as  follows: 

a.  All  of  these  processes  exhibit  certain  similarities  and 
differences. 
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b.  The  action  of  the  liver  and  pancreas  on  all  of  the  esters 
here  studied  is  probably  to  be  attributed  to  a  fiingrle  enzyme  in 
each  of  these  tissues. 

c.  The  ester-splitting  enzyme  of  the  liver  dififers  from  that  of 
the  pancreas. 
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THE  FATE  OF  RADIUM  AFTER   ITS  INTRODUCTION 

INTO    THE    ANIMAL    ORGANISM,    WITH   SOME 

REMARKS  ON  THE  EXCRETION  OF  BARIUM. 

By  GUSTAVE  M.  MEYER. 

(From  the  Laboratory  of  Biological  Chemistry  of  Columbia  Univer- 
sity, at  the  College  of  Physicians  and  Surgeons ,  New  York.) 

(Received  for  publication,  October  31,  1906.) 

In  this  paper  are  given  the  results  of  the  third  completed 
research  with  radium  in  a  series  of  investigations  now  in  progress.* 

The  effects  of  intravenous  injections  of  radium  on  blood 
pressure  and  respiratian,^  and  also  the  influence  of  radium  on 
metabolism,  having  been  determined,^  it  seemed  desirable  to 
study  the  distribution  and  fate  of  radium  in  the  animal  body. 
The  comparative  ease  with  which  infinitesimal  amounts  of  radium 
can  be  traced — ^thanks  to  the  delicacy  of  the  physical  methods 
for  its  detection — ^makes  a  study  of  its  absorption  and  elimina- 
tion very  satisfactory. 

ANIMALS  AND  M&THOOS. 

Among  the  animals  used  for  this  investigation  were  those 
employed  in  the  experiments  of  Burton-Opitz  and  Meyer  and  of 
Berg  and  Welker.  Besides  these  a  number  of  small  dogs  and  cats 
were  treated  in  various  ways  with  radium  preparations.  In  the 
use  of  the  latter  animals  we  avoided  any  disturbing  factors,  such 
as  long  continued  narcosis  and  restricted  diet,  which  might  have 
influenced  absorption  and  elimination  in  the  former.  The  leading 
tissues  and  fluids  of  eighteen  animals  were  examined.  In  some  in- 
stances practically  all  the  important  parts  of  the  same  animal, 
and  in  others  only  the  organs  most  likely  to  give  positive  results, 
were  submitted  to  examination. 

»  Gies  and  collaborators,  Proc.  of  the  Soc.  for  Exp.  Biol,  and  Med.,'u, 
p.  86,  1905;  also,  Science,  xxi,  p.  988,  1905;  Amer.  Med.,  ix,  p.  1029,  1905, 
and  Med.  News,  xlii,  p.  520,  1905. 

3  Burton-Opitz  and  Meyer,  Journ.  of  Exp.  Med.,  viii,  p.  245 ,  1906. 

i  Berg  and  Welker,  this  Journal,  i,  p.  371,  1906. 
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The  methods  used  for  determining  radioactivity^  although  very 
delicate,  do  not  permit  of  quantitative  determinations  of  radium. 
The  methods  are  mainly  based  upon  the  ionizing  action  of  the 
rays  on  the  surrounding  gas.     For  masses  of  low  activity,  or 
small   amounts   of  highly  active   material,    two    methods  are 
commonly  employed,  one  of  them  depending  on  the  use  of  a  gold 
leaf  electroscope,  the  other  of  an  ionization  chamber  in  connec- 
tion with  a  sensitive  quadrant  electrometer.     The  latter  method 
is  preferable.     It  is  more  rapid  and  will  give  an  approximate 
indication  of  the  relative  radioactivity.     That  no  acciirate  de- 
termination of  the  amount  of  radium  present  in  a  mass  can  be 
made  by  these  methods  is  evident  from  the  fact  that  the  ionizing 
effects  of  radioactive  substances  are  due  to  the  variotis  rays  that 
are  projected.     The  rays  which  take  the  most  active  part  in  this 
ionization  are  at  the   same  time    most    readily    absorbed  in 
transit.^     Unless  the  radioactive  substance  is  spread  out  in  a 
uniform  and  very  thin  layer,  only  a  portion  of  the  rays  can  par- 
ticipate in  the  ionization  process.     It  is  practically  impossible  to 
obtain  such  conditions  satisfactorily  for  qtiantitative  determina- 
tions.    Consequently,  although  it  is  possible  to  determine  quanti- 
tatively by  electrical  methods  the  radiations  which  leave  the 
stirface  of  a  mass,  the  amount  of  substance  which  gives  rise  to 
these  radiations  cannot  thus  be  ascertained. 

The  gold  leaf  electroscope  was  employed  in  these  experiments 
mainly  for  the  purpose  of  testing  the  radioactivity  of  the  tissues 
and  fluids  before  incinerating  them,  preparatory  to  making 
determinations  with  the  electrometer.  Before  making  the  de- 
terminations the  solid  samples  were  hashed  and  dried,  first  on 
a  water  bath  and  then  at  110°  C.  in  an  air  bath,  until  the v  were 
freed  from  all  apparent  moisture. 

The  electroscope  especially  constructed  and  employed  through- 
out the  work  consisted  of  a  brass  box  9  centimeters  square  and  12 
centimeters  high.  An  insulated  gold  leaf  carrier  was  fitted  into 
the  center  of  the  cover.  The  gold  leaf  itself  was  insiilated  by  a 
sulftir  bead.     Contact  with  the  gold  leaf  was  made  possible  by 

«  Rutherford,  Radioactivity,  2d  ed.,  p.  41,  1905. 
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means  of  a  fine  brass  wire  free  to  move  in  a  hard  rubber  socket 
which  was  fitted  into  the  cover.  On  opposite  sides  of  the  box 
and  level  with  the  gold  leaf  were  two  glass  windows.  A 
sliding  drawer  85  millimeters  long  and  65  millimeters  wide 
was  situated  at  the  bottom  of  the  box.  Tinned  iron  trays  were 
made  to  fit  this  drawer.  Each  of  the  hashed  or  fluid  samples  was 
placed  in  one  of  these  trays  and  dried  in  it  in  order  to  prevent  so 
far  as  possible  the  drawer  from  retaining  traces  of  radioactive 
material  or  becoming  radioactive  by  induction.  A  new  tray 
was  used  for  each  sample  to  be  tested.  The  drawer  and 
the  box  were  washed,  from  time  to  time,  with  very  dilute  nitric 
acid  to  remove  all  traces  of  emanation  as  well  as  of  the  radiations 
which  invariably  collect  on  the  sides  of  a  vessel  after  repeated 
introductions  of  radioactive  materials.  This  deposit  materially 
increases  the  natural  "leak**  of  the  apparatus.  The  leak  due  to 
natural  causes  was  very  slight;  it  was  nevertheless  invariably 
taken  into  account  in  determining  the  rate  and  extent  of  dis- 
charge. As  these  determinations  with  the  electroscope  were 
meant  to  be  of  a  preliminary  character,  no  special  means  were 
employed  to  charge  the  gold  leaf  always  to  the  same  potential. 
Simple  contact  with  an  electrified  rubber  rod  was  found  to  answer 
all  practical  purposes.  The  angle  to  which  the  gold  leaf  was 
carried  was  always  approximately  the  same.  The  rate  of  dis- 
charge was  watched  through  a  telescope  fitted  with  cross-hairs 
and  arc. 

The  degrees  of  radioactivity  shown  by  the  various  organs  and 
excreta  were  determined  by  means  of  the  quadrant  electrometer. 
For  such  a  determination  the  weighed  sample  was  dried  at  100°  C. 
and  incinerated  in  a  porcelain  crucible  over  a  Bunsen  btimer. 
A  new  crucible  was  used  for  each  sample.  The  ash  was  used  for 
the  test. 

Radium  salts  when  heated  lose  their  activity  on  account  of  the 
escape  of  emanation.^  Soon  after  cooling,  however,  the  radium 
residue  exhibits  renewed  radioactivity.  Fresh  emanations  are 
quickly  generated,  and,  after  a  month,  the  radioactivity  is 
usually  equal  to  its  original  value.  Consequently,  the  heating 
of  the  specimens  merely  delayed  the  determination  of  radio- 

»  Rutherford,  loc.  cit.^  p.  371. 
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activity.  Radioactivity  was  not  meastired  till  several  months 
after  incineration,  by  which  time  the  ash  had  presumrbly  regained 
its  ftill  activity.  The  measurements  were  repeated  after  several 
months  but  no  variation  from  any  previous  determination  was 
ever  detected.  This  observation  shows  that  no  appreciable  losses 
of  radium  from  the  tissues  occurred  in  carrying  out  the  method 
described. 

The  quadrant  electrometer  for  making  the  meastirements  was 
very  similar  to  that  described  by  Rutherford.*  It  consisted  of  a 
metal  boxforanionizatk>nchamber,havinginit  two  metal  platesis 
centimeters  square  (one  5  centimeters  above  the  other) ,  insulated 
from  the  walls  of  the  box.  The  lower  plate  was  connected  with 
a  source  of  potential  of  about  400  volts  to  obtain  saturation 
current ;  the  upper  one  was  connected  to  one  pair  of  quadrants 
of  a  quadrant  electrometer.  When  the  tray  containing  radio- 
active material  is  placed  on  the  lower  plate  in  such  an  apparatus 
the  air  between  the  plates  is  ionized  and  a  current  flows  between 
the  plates  causing  a  steadily  increasing  deflection  of  the  electro- 
meter needle.  The  rate  of  movement  of  the  needle  over  the  scale 
is  proportional  to  the  ionization  current.  It  was  found  necessary 
in  this  work  to  decrease  the  sensitiveness  of  the  electrometer  by 
connecting  with  it  a  condenser  having  a  capacity  of  yiAhf  niicro- 
farad.2     All  the  measurements  were  made  under  these  conditions. 

The  radium  preparations  used  in  this  work  and  in  the  experi- 
ments already  described  ^  were  of  240,  1000,  or  10,000  activity. 
The  radioactivity  of  these  preparations  was  determined  by  the 
electrometer  and  found  proportional  to  the  numerical  estimates 
jtist  given. 

Observations  of  the  Radioactivity  of  Various  Organs  after  Admims- 
tration  of  Radium  Bromid  Preparations  of  240,   1000, 

or  10,000  Activity, 

The  dogs  made  use  of  in  the  experiments  of  Burton-Opitz  and 

»  Rutherford,  loc.  cit.,  p.  90. 

3  A  condenser  is  said  to  have  an  absolute  unit-capacity  when  it  is 
charged  to  a  potential  of  one  volt  by  a  quantity  of  one  coulomb.  A 
farad  is  the  practical  standard  of  capacity  and  is  equal  to  10-9  absolute 
unit.    A  microfarad  is  a  millionth  part  of  a  farad. 

>  Burton-Opitz  and  Meyer,  and  Berg  and  Welker,  loc.  cii. 
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Meyer  were  the  animals  used  in  this  particular  series  of  observa- 
tions. A  varying  number  of  injections  were  made  into  the  facial 
vein  in  repeated  doses  of  1.8  milligram  of  the  radium  bromid 
preparation  contained  in  10  c.c.  of  distilled  water.  The  animals 
were  kept  under  light  ether  narcosis.  Ustially  not  more  than  an 
hoiu-  elapsed  between  the  last  injection  and  the  death  of  the 
animal.  Death  was  induced  by  bloodletting.  The  blood  was 
withdrawn  from  the  femoral  artery.  After  death  the  animal 
was  opened  along  the  median  line.  Ligatures  were  applied  to 
the  main  blood  vessels  of  the  liver,  heart,  and  other  vascular 
parts,  so  that  these  organs  could  be  removed  without  spilling 
residual  radioactive  blood  upon  any  of  the  other  parts. 

Care  was  also  taken  to  remove  practically  all  extraneous  blood 
from  most  of  the  tissues  by  rapidly  washing  them  with  water, 
but  irrigation  of  the  vascular  tissues  was  not  carried  very  far. 
In  the  main,  however,  the  radioactivity  of  the  parts  as  sum- 
marized in  Table  I  was  almost  wholly  that  of  radium  actually 
present  in  the  nonvasctdar  portions  of  them.^ 

The  entire  organs  were  usually  taken  for  the  tests  of  radioac- 
tivity. Determinations  ma^e  with  the  gold  leaf  electroscope  are 
indicated  in  Table  I  by  the  letters  A  and  I,  which  designate 
respectively  that  the  organ  was  radioactive  (A),  or  inactive  (I). 
The  ntunbers  refer  to  the  measurements  made  by  the  electro- 
meter method  and  represent  the  rates  of  discharge  as  read  on 
an  arbitrary  scale  in  terms  of  equal  divisions  per  second.  As  the 
apparatus  was  always  kept  in  the  same  condition,  the  figiu'es 
give  fairly  accurate  indications  of  relative  radioactivity. 

The  weights  of  materials  used  in  these  determinations  are  not 
mentioned.  From  what  has  already  been  stated  it  is  evident 
that  the  numbers  expressing  the  rates  of  discharge  due  to  the 
degree  of  ionization  are  proportional  to  the  radiation  pro- 
jected from  the  mass  of  the  active  substance,  that  is,  the  total 
amoimt  less  the  amount  absorbed.  None  of  the  methods  for 
determining  radioactivity  is  adapted  to  an  exact  determination 
of  the  amoimt  of  radium  present.^ 

1  See  remarks  on  pages  466  and  468. 
a  See  page  462. 
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TABLE     I.^ 


I 

a 

3 

4 

5 

6 

7 

t 

Activity  of  the  radium 

i 

preparation  employed 

240    240 

240 

240 

1000 

10.000 
5.5 

10.000 

laooo 

Weight  of  doe  (kg.) 
Amount  of  tne  radium 

3.4 

5.0 

3.7 

4.3 

4.0 

5.2 

7.0 

preparation    injected 
(mg.  per  kg.) 

5.3 

7.2 

12.1 

8.4 

0.4 

3.2 

3.8 

3.5 

Total    amoimt    of  the 

radium     preparation 

injected  (mg.) 

18.0 

36.0 

45.0 

36.01  l.S 

18.0 

10.8 

25.2 

Blood 

A 

A 

3.1 

A 

2.3 

A 

A 

33.0 

Brain 

— 

— 

I 

'— 

0.6 

0.3 

-^ 

Kidneys 

A 

3.0 

2.25 

2.3 

I 

1.6 

A 

A 

Liver 

0.16 

1.2 

1.3 

0.2 

I 

3.0 

0.4 

A 

Ltmgs 

A 

2.0 

2.0 

0.6 

I 

A 

A 

Mtiscle,  heart 

— 

— 

— 

I 

— 

A 

— 

— 

Muscle,  leg 

^-^ 

I 

^"^ 

I 

^"^ 

I 

^— 

— 

The  restdts  of  these  experiments  indicated  that  the  blood  iras 
in  all  cases  the  most  radioactive.  In  the  short  time  during 
which  the  radium  circulated,  some  was  always  retained  in  the 
kidneys,  liver,  and  lungs.  Special  attention  may  be  directed  to 
the.results  obtained  after  the  injection  of  the  radium  preparation 
of  I  coo  activity.  The  amount  injected  in  that  particular  ex- 
periment was  only  very  slight,  as  the  animal  succumbed  imme- 
diately after  the  first  injection.  The  duration  of  that  experiment 
was  only  twenty  minutes.  This  period  of  time  was  insufficient 
for  the  transportation  of  appreciable  quantities  of  radioactive 
material  to  any  of  the  organs  and  only  the  blood  w^as  found  to 
manifest  radioactivity .2  Injection  of  preparations  of  high  activity 
caused  nearly  every  organ  in  the  body  to  become  more  or  less 
radioactive. 

Of  special  interest  is  the  fact  that  the  injection  of  the  radium 
preparation  of  10,000  activity  caused  excessive  salivation. 
Some  of  this  saliva  was  collected  and  was  found  to  be  very 
slightly  radioactive.     The  tongue  of  the  animal  also  proved  to  be 

>  For  further  data  see  also  page  467. 

» This  observation  'made  it  evident  that  the  process  of  removing  ex- 
traneous blood  by  washing  with  water,  as  employed  in  this  work,  was 
sufficient  to  eliminate  all  detectable  radium  in  the  blood  of  an  organ. 
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radioactive.  Besides  the  organs  mentioned  in  Table  I,  it  was 
found  that  the  injection  of  this  highly  radioactive  preparation 
gave  positive  radioactivity  to  the  bile,  eyes,  organs  of  generation 
(both  male  and  female) ,  pancreas>  spleen,  stomach  and  stomach 
contents.  Only  in  one  instance  could  any  urine  be  obtained  and 
this  proved  to  be  very  highly  radioactive. 

In  order  to  study  further  the  distribution  of  radium  it  was 
deemed  desirable  to  allow  the  radium  to  act  for  a  longer  period 
than  was  possible  in  the  experiments  just  described.  With  this 
end  in  view,  it  was  decided  to  carry  out  a  special  series  of  ex- 
periments in  which  the  animals  could  be  kept  for  several  days 
after  the  administration  of  radium.  Relatively  small  animals 
were  selected  for  this  piupose  in  order  to  prevent  excessive  use 
of  the  radium  preparations.  The  question  as  to  the  lethal  dose 
of  radium  bromid  preparations  of  low  activity  was  also  determined 
in  this  connection. 

In  this  series  of  three  experiments  on  small  cats,  varying 
amounts  of  radium  preparations  dissolved  in  2.4  c.c.  of  distilled 
water  were  injected  intravenously.  .The  injection  into  the  fem- 
oral vein  was  made  slowly  by  means  of  a  small  hypodermic 
syringe.  During  the  short  operation  very  light  ether  anesthesia 
was  maintained.  The  wound  was  washed  with  a  verv  small 
quantity  of  a  i  per  cent,  solution  of  phenol  and  finally  with 
sterile  0.8  per  cent,  saline  solution.  The  wound  in  each  case 
healed  rapidly.  Twenty-four  hours  after  the  last  injection  the 
animals  were  chloroformed  and  the  samples  for  the  determination 
of  radioactivity  were  collected  and  treated  as  already  described. 
Table  II  presents  the  data  in  this  connection. 

TABLE   II. 


Exp.  No. 

Animal 

Body 

Weight 

Kg. 

Radio- 
activity of 
the  Radium 
Bromid 
Prepara- 
tion Used. 

Amount  Injected,  in  Milligrams. 
Days. 

Results. 

I 

a 

3 

16 

3 

4 

Total. 

XIV. 

XV. 
XVI. 

1.0 
0.9 
1.3 

240 
240 
1000 

3 

12 

12 

6 

12 

24 
12 
28 

Recovered 
Dead  in  22  hrs. 
Recovered 
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All  ordinary  preparations  of  radium  salts  contain  barium  salts.^ 
Preparations  of  low  activity,  as  made  by  the  Curie  method, 
consist  chiefly  of  barium  salts.  The  influence  of  the  admixed 
barium  was  evident  in  the  experiment  just  described.  The 
fatal  dose  of  the  preparation  of  radium  bromid  of  low  ac- 
tivity (240)  was  not  very  different  from  the  figures  given  by 
Bar)r2  for  barium  chlorid,  namely,  15  milligrams  per  kilo  of  body 
weight.  There  seemed  to  be  an  indication  of  adaptation  when 
the  radium  preparation  was  repeatedly  administered  in  small 
doses.  In  the  experiments  of  Biu-ton-Opitz  and  Meyer ,^  it  was 
also  shown  that  with  an  increase  of  the  amount  of  radium 
in  the  radium  preparations,  i.e.,  with  a  radium  preparation  oi 
higher  activity,  the  toxicity  of  the  associated  barium  was  partly 
overcome.  It  would  of  coiu^se  be  desirable  to  study  this 
question  with  radium  of  highest  activity  and  purity.  The 
scarcity  of  this  product  as  well  as  its  prohibitive  cost  make  such 
a  study,  at  present  at  least,  entirely  out  of  the  question. 

The  death  of  the  animal  in  which  the  dose  proved  fatal  was 
accompanied  by  symptoms  identical  with  those  evinced  by  the 
dogs  treated  with  a  lethal  dose  of  bariiun  bromid.  Death  was 
seemingly  brought  on  by  an  inhibition  of  respiratory  activity. 
A  decided  irregularity  of  the  heart-beat  was  noticeable  in  each 
case.  This  irregularity  was  similar  to  that  described  by  Burton- 
Opitz  and  Meyer.*  It  soon  returned  to  normal,  however,  in 
the  animals  that  recovered.  It  was  very  pronounced  shortly 
before  death  in  the  one  fatal  case. 

The  results  of  my  determinations  of  the  radioactivity  of  various 
parts  of  the  three  cats  show  that  24  hoiu-s  after  intravenous  in- 
jection of  radium  bromid  preparations  of  240  activity,  the  blood 
no  longer  gave  any  indications  of  the  presence  of  raditim.^  The 
feces  and  the  urine  (taken  from  the  bladder  after  death),  how- 

«  Mme.  Curie,  "Untersuchungen  aber  die  Radioactiven  Substanzen," 
Die  Wissenschaft,  i,  p.  25,  1904. 

a  Bary,  "Beitrftge    zur    Bar)ruinwirlamg, "  Inaug.  .Dissert.,  Dorpat, 

1888,  p.  19. 
»  Burton-Opitz  and  Meyer,  loc.  cit,,  p.  251. 
«  Burton-Opitz  and  Meyer,  loc.  cit,^  p.  247. 
'  See  page  466. 


Gustave  M.  Meyer  469 

ever,  were  both  decidedly  radioactive.  The  lungs  and  kidneys 
from  the  cat  in  which  the  injections  proved  fatal  were  somewhat 
radioactive.  The  results  of  the  examination  of  the  other  organs 
were  negative. 

The  liver  and  kidneys  of  the  cat  in  which  the  injection  proved 
fatal  and  of  the  one  treated  with  the  preparation  of  1000  activity, 
showed  some  radioactivity.  The  same  organs  of  the  cat  which 
recovered  from  the  injection  of  the  preparation  of  240  activity 
gave  negative  results. 

Besides  the  above  data  on  the  general  distribution  of  radium 
after  its  intravenous  injection  it  is  desirable  to  consider  at  this 
point  the  results  of  a  study  of  the  fate  of  radium  bromid  when 
introduced  into  the  body  through  other  channels.  For  this  purpose 
three  small  well  nourished  dogs  were  treated  with  radium  bro- 
mid preparation  per  os,  subcutaneously  or  intraperitoneally.  In 
no  instance  was  the  dose  of  radium  large  enough  to  prove  fatal. 
The  animal  was  chloroformed  twenty-four  hours  after  the  last 
administration,  and  the  organs  were  separated  and  treated  as 
already  described.  The  following  notes  of  these  experiments 
summarize  the  results: 

XI.  Dog,  male;  weight,  1.9  kg.;  28.5  mg.  of  the  preparation  of 
radium  bromid  of  340  activity  (15  mg.  per  kilo  of  body  weight)  enclosed 
in  gelatin  capsules  were  administered  per  os.  for  three  consecutive  days. 

XII.  Dog,  female;  weight,  1.45  kg.;  21  mg.  of  the  preparation  of 
radium  bromid  of  240  activity  were  injected  subcutaneously  daily  for 
three  consecutive  days.  Each  injection  caused  pain,  which  subsided  m 
5  to  6  minutes. 

XIII.  Dog,  male ;  weight,  3 .7  kg. ;  30  mg.  of  the  preparation  of  radium 
bromid  of  240  activity  were  injected  intraperitoneally  daily  for  two  con- 
secutive dajrs.     No  ill  effects  were  noticeable. 

The  results  of  the  determinations  of  radioactivity  show  that 
the  ultimate  fate  of  the  radium  was  not  greatly  influenced  by  the 
channel  of  introduction.  The  results  are  in  fact  very  similar  to 
those  already  obtained  with  the  cats.  Whereas  the  tissues  and 
organs  were  in  general  not  radioactive  the  feces  and  urine  were 
both  decidedly  so.  The  kidneys  in  all  three  instances  showed 
only  slight  radioactivity,  as  did  also  the  stomach  of  the  animal 
to  which  the  radium  was  given  per  os. 
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In  the  experiments  thus  far  described  the  time  between  the 
final  administration  of  radium  and  the  collection  of  the  samples 
for  the  determinations  of  radioactivity  was  from  one  hour  to 
twenty-four  hours;  and  the  longest  period  during  which  the 
radium  could  distribute  itself  among  the  various  organs  was 
several  days. 

Before  drawing  any  conclusions  from  the  results  of  these 
experiments  it  may  be  well  to  pass  on  to  the  last  series  of  deter- 
.  minations  to  be  considered  in  this  paper. 

The  Radioactivity  of  the  Tissues  and  Organs  of  the  Tux?  Dogs  Used 

by  Berg  and  Welker  in  their  Study  of  the  Effects  of  the 

Administration  of  Radium  on  Metabolism, 

In  these  experiments  the  radium  preparations  were  adminis- 
tered per  OS  or  subcutaneously.  The  following  facts  which  have 
a  bearing  upon  the  deductions  to  be  drawn  later  are  taken  from 
the  paper  of  l^erg  and  Welker.^ 

Metabolism  Experiment  III.  A  dog  weighing  6.6  kg.  ^was  given ^ 
OS  during  a  period  of  6  days  a  total  of  1.0x64  gm.  of  a  radium  bromid 
preparation  of  240  activity;  during  3  additional  da3rs  0.3497  gm.  of  1 
radium  bromid  preparation  of  1,000  activity,  and  during  3  xnor«  days 
0.1255  gm.  of  a  preparation  of  radium  bromid  of  x 0,000  activity. 

Metabolism  Experiment  IV.  A  dog  weighing  5.5  kg.  -was  given  three 
subcutaneous  injections  of  radium  bromid  of  x 0,000  activity.  A  total 
of  0.0762  gm.  was  injected. 

In  both  cases  the  dogs  were  chloroformed  and  parts  taken  for  the 
radioactivity  determinations  /p  days  after  the  last  administration  of  ike 
radium  preparations.  The  feces  examined  were  those  taken  during  a 
period  of  X4  days  prior  to  the  death  of  the  animal,  which  occurred  on  the 
twentieth  day  after  the  last  dosage. 

The  results  of  the  determinations  of  radioactivity  axe  sum- 
marized in  Table  III ;  column  A  gives  the  data  for  the  parts 
after  administration  per  os^  whereas  column  B  indicates  radio- 
activity after  subcutaneous  injection. 

*  Berg  and  Welker,  loc,  cit.,  pp.  400  and  404. 
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TABLE  III. 

A 

Blood 0.1 

Brain — 

Feces A 

Intestines  > I 

Intestinal  contents A 

Kidneys 0.3 

Liver 0.2 

Lungs A 

Muscle,  gastrocnemius *. . . .  I 

Muscle  from  place  of  injection — 

Pancreas 0.2 

Spleen I 

Stomach 0.1 

Urine A 


B 
I 

0.3 
A 
I 

0.6 
2.0 
1.0 

I 
0.6 

I 

I 

0.6 

A 


The  urine  examined  was  a  fraction  of  the  composite  urine  of 
the  second  period.^  The  feces  were  subject  to  daily  examination 
after  the  last  period  of  the  metabolism  experiment,  and  the  state- 
ment in  the  table  that  they  were  found  to  be  active  applies  to 
the  feces  generally  after  the  treatment  with  radium.^ 

Table  IV  shows  the  restdts  of  my  determinations  of  the  radio- 
activity of  the  feces  from  both  dogs  beginning  with  the  sixth  day 
after  the  last  administration  of  raditun.  In  Coltunn  A  are  given 
the  results  obtained  with  the  feces  from  the  dog  to  which  radium 
was  administered  per  os,  in  Column  B  those  of  the  dog  treated 
subcutaneously. 

TABLE  IV. 


A 

B 

No.  of  Days 

Administration 

of  the  Radium 

Preparation. 

I 
Wt.  of  Dry  Feces- 

Gms. 

4 

BlectxxHneter 
Divisions. 
Per.  Sec 

I 
Wt.  of  Dry  Feces. 

'     Gms. 

s 

Blectrameter 
Divisions. 
P«r.  Sec 

6 

0.7 

3.6 

18.6 

10.9 

7 

25.0 

20.0 

0.0 

^^^              1 

8 

0.2 

2.5 

8.4 

1.2 

9 

0.6 

2.0 

7.6 

1.3 

10 

14.9 

8.0 

4.6 

0.3 

11 

21.8 
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2.5 

I 

5.2 
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>  See  foot-note  page  473. 

>  See  Berg  and  Welker,  loc.  cit.,  pp.  400  and  473, 
J  See  concluding  paragraph  of  this  paper. 


472  Fate  of  Radium  in  Animal  Bodies 

DISCUSSION   OF  RESULTS  OBTAINED  WITH   RADIUM. 

The  results  of  this  investigation  show  that  radium  even  when 
introduced  in  small  amounts  is  absorbed  and  carried  to  prac- 
tically all  parts  of  the  body.  Its  subsequent  presence  in  the 
various  parts  is  influenced  by  the  channel  of  introduction,  the 
amount  given,  and  the  lapse  of  time  after  its  administration  and 
before  the  death  of  the  animal.  Control  determinations  carried 
out  on  dogs  treated  with  baritun  chlorid  gave  no  indications  of 
radioactivity  in  any  fluid  or  tissue. 

When  introduced  in  very  small  amounts  directly  into  the 
circulation,  radium  passes  but  slowly  to  other  tissues.  Only  the 
blood  will  give  a  positive  test  for  radium  if  the  examination  is 
carried  out  a  few  minutes  after  the  injection.  The  degree  of  radio- 
activity of  the  preparation  injected  influences  this  result,  of 
course.  After  injections  of  very  highly  active  material  all 
organs  are  more  apt  to  receive  radium  immediately  than  if  a 
less  active  preparation  had  been  used.  The  blood  gradually 
loses  its  radioactivity ;  the  organs  in  turn  become  more  and  more 
radioactive  and  then  release  their  radium  continuously.  The 
liver,  lungs,  and  kidneys  appear  to  be  among  the  first  organs  to 
show  the  presence  of  radium  after  its  intravenous  injection. 
Radium  seems  to  pass  promptly  into  the  urine  and  into  the 
intestinal  canal. 

The  ultimate  fate  of  radium  introduced  subcutaneously,  in- 
traperitoneally,  or  per  os  is  not  materially  different  from  that  of 
radium  introduced  intravenously.  The  extent  of  distribution 
invariably  depends  on  the  strength  of  the  preparation  and  the 
time  it  has  to  act.  Of  special  interest  in  this  connection  are  the 
results  of  the  determinations  of  raditun  in  the  organs  of  the  ani- 
mals used  in  the  metabolism  experiments  of  Berg  and  Welker.  * 
Radium  of  10,000  activity  was  used  in  both  of  the  experiments, 
and  the  animals  were  seemingly  kept  long  enough  (twenty 
days  after  the  last  administration)  to  allow  the  radium 
either  to  reach  all  parts  of  the  body  or  to  be  entirely  eliminated. 
It  was  fotmd,  as  in  the  previous  instances,  that  the  blood  con- 
tained but  relatively  slight  amounts  of  radium,  the  other  organs  in 

»  See  page  470. 
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general  being  more  radioactive.^  The  stomach  of  the  animal  to 
which  radium  had  been  given  per  os  was  less  radioactive  than 
the  one  treated  subcutaneously.  This  would  suggest  that  radium, 
like  arsenic,  antimony,  manganese,  bismuth,  atropin,  quinin» 
morphin,  and  other  substances  is  eliminated  into  the  stomach. 
Recently  Lewin^  found  barium  in  the  stomach  wall  after  sub- 
cutaneous injections  of  barium  chlorid. 

It  is  not  the  intention  of  the  writer  to  enter  upon  a  detailed 
discussion  of  the  elimination  of  radium.  The  results  of  the 
experiments  here  reported  are^ hardly  sufficient  to  warrant  final 
conclusions  ^  in  this  connection.  Nevertheless  a  few  facts  may 
be  noted. 

Radium  appears  to  be  a  member  of  the  group  of  alkali  earth 
metals.  It  is  interesting  to  find  that  the  facts  regarding  its 
elimination  accord  in  a  general  way  with  those  pertaining  to 
calcixim,  magnesium  and  the  remaining  members  of  the  alkali 
earth  group.  I  have  been  particularly  interested  in  comparing 
my  data  on  the  elimination  of  radium  with  the  results  obtained 
by  other  observers  on  the  excretion  of  barium,  especially  because 
all  my  preparations  of  radium  bromid  contained  barium  bromid,* 
and  also  because  previous  observations  on  the  elimination  of 
barixim  have  not  been  entirely  in  accord. 

REMARKS  ON  THE  EXCRETION  OF  BARIUM. 

In  their  study  of  the  metabolic  influences  of  barium  bromid 

»  See  Table  IV. 

»  Lewin,  Deutsche  med.  Wochenschr.y  1906,  p.  173. 

3  A  more  detailed  study  of  this  phase  of  the  problem  is  now  being  carried 
on  in  this  laboratory  by  Dr.  W.  Salant  and  the  writer,  the  results  of  which 
will  shortly  be  published. 

*  The  radium  preparations  were  made  by  the  Curie  method.  "Radium 
is  extracted  from  pitchblende  by  the  process  used  to  separate  barium,  to 
which  radiima  is  very  closely  allied  in  chemical  properties.  After  the 
removal  of  other  substances,  the  raditun  remains  behind  mixed  with 
barium.  It  can,  however,  be  partially  separated  from  the  latter  by  the 
difference  in  solubility  of  the  chloride  in  water,  alcohol,  or  hydrochloric 
acid.  The  chlorid  of  radiimi  is  less  soluble  than  that  of  barium,  and  can 
be  separated  from  it  by  the  method  of  fractional  crystallization.  After 
a  large  number  of  precipitations,  the  raditmi  can  be  freed  almost  com- 
pletely from  the  barium."  Rutherford,  Radioactivity ^  ad  ed.,  p.  13, 
1905. 
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and  radium  bromid  Berg  and  Welker  obser\''ed  incidentally 
that  barium  was  not  present  in  appreciable  quantity  at  any  timi 
in  the  feces  of  a  dog  that  received  large  doses  of  barium  bromid 
under  the  skin  daily  for  several  days — as  much  as  40  milHgrams 
per  kilo  at  one  time.  They  also  noted  the  fact  that  in  another 
dog,  which  had  received  large  amounts  of  barium  bromid  daily 
per  OS — ^as  much  as  175  milligrams  per  kUo — barium  was  absent 
from  the  urine.  These  facts  were  regarded  by  them  as  indications 
that  very  little  barium  was  absorbed  in  the  experiments  in  which 
those  particular  dogs  were  used.  They  drew  no  other  general 
conclusions  from  their  own  results  on  the  elimination  of  barium/ 
but  that  the  reader  might  be  reminded  of  other  data  they  quoted 
contrary  observations  by  previous  investigators.  From  the 
results  obtained  by  earlier  workers  in  this  connection  they 
considered  that  barium,  like  calcium  and  magnesium,  may  be 
eliminated  into  both  the  feces  and  urine,  in  some  animal,  at 
least,  after  sufficient  dosage,  whatever  its  channel  of  intro- 
duction. The  data  of  previous  observers  made  any  other  con- 
clusion impossible. 

Shortly  after  the  appearance  of  the  paper  by  Berg  and  Welker, 
Mendel  and  Sicher^  published  the  results  of  a  feijv  experiments 
on  two  dogs  from  which  they  drew  even  broader  conclusions 
as  to  the  excretion  of  barium  in  the  urine  after  subcutaneous 
injection  of  the  chlorid.  Mendel  and  Sicher  made  no  allusion  to 
the  observations  of  Berg  and  Welker  in  this  connection.^  With 
regard  to  Bary's  important  work  they  merely  remarked  that 
he  *'is  said  to  have  detected  barium  in  the  tirine  after  sub- 
cutaneous administration  of  its  salts."  Their  authority 
for  this  remark,  as  they  indicated  in  a  footnote,  was  Bary's 
dissertation,  which  they  stated,  however,  was  not  accessible  to 
them. 

Berg  and  Welker  gave  on  page  397  of  their  paper  the  following 
facts  from  a  copy  of  Bary's  dissertation,  which  -was  procured 

>  The  results  of  a  single  observation  in  each  case  of  course  justified 
nothing  more. 

2  Mendel  and  Sicher,  Amer.  Journ,  of  Physiol.,  xvi,  p.  14 y^  1906. 

•  They  referred  to  Berg  and  Welker's  related  conclusions  on  radium 
however. 
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for  the  use  of  all  the  workers  in  this  laboratory,  at  the  time  the 
radium  investigations  were  inaugiu^ated: 

"A  female  dog  which  weighed  21.5  kilos  was  given  a  subcutaneotis 
injection  of  4  c.c.  of  5  per  cent,  barium  chlorid  solution  (10  mg.  barium 
chlorid,  equivalent  to  16  rag.  barium  bromid,  per  kilo) .  Five  hours  after 
the  injection,  the  dog  was  catheterized,  and  60  c.c.  of  clear  urine  were 
obtained.  Baritim  was  present  in  the  urine,  but  the  author  does 
not  mention  the  quantity  found.  *  Bei  der  Veraschung  des  Urins,  war 
eine  deutliche  Menge  von  Baryum  vorhanden,  welche  spectroskopisch 
sicher  gestellt  war.*  This  is  the  only  experiment  (out  of  twenty  similar 
ones)  in  which  barium  was  found  in  the  urine." 

I  have  compared  the  foregoing  quotation  with  the  original 
and  find  that  the  facts  given  agree  with  it  entirely.^ 

Bary's  work  justifies  the  conclusion  that  after  subcutaneous 
injection  of  baritmi  chlorid,  baritun  appeared  in  the  urine  of  one 
dog,  and  that  it  may  or  may  not  be  eliminated  under  such  circum- 
stances in  the  urine  of  others.  It  seems  to  me  that  Mendel  and 
Sicher  were  not  warranted  in  drawing  any  broader  conclusions  in 
this  connection  from  merely  a  single  positive  result  with  one  dog, 
accompanied,  as  that  result  was,  by  a  negative  observation  or  its 
equivalent  in  a  similar  experiment  on  another. 

The  two  experiments  performed  by  Mendel  and  Sicher  in  this 
connection  may  be  simmiarized  as  follows: 

A.  Bitch ;  weight,  x  z  kilos.  98  mg.  bariiun  (in  the  form  of  BaCl  j. 
2H,0)  injected  subcutaneously.  " Uncontaminated  urine  (275  c.c.) 
collected  after  18  hours  gave  a  strong  test  for  barium.'  Diarrheal  stools 
gave  a  fair  test.  Urine  (350  c.c.)  collected  on  the  second  day  gave  no 
test  for  barium." 

B.  Dog;  weight,  12 j^  kilos.  134  mg.  barium  (in  the  form  of  BaCl,. 
2H2O)  injected  subcutaneously.     **In  100  c.c.  of  urine  collected  on  the 


»  The  last  sentence  of  the  above  quotation  might  be  taken  by  some  to 
mean,  however,  that  after  many  attempts  to  find  barium  in  the  urine 
of  the  animals,  Bary  succeeded  only  once.  It  is  true  that  it  was  found  in 
the  urine  of  only  one  animal,  but  the  description  of  bis  experiments  does 
not  make  it  evident  that  he  examined  the  urine  of  more  than  that  one 
animal  for  it. 

s  Mendel  and  Sicher  stated  that  a  detectable  excretion  of  barium  througli 
this  channel  (kidneys)  ceases  within  a  few  hours.  The  data  on  which  this 
conclusion  depends  do  not  appear  in  their  paper. 
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following  morning  no  baritim  could  be  detected.  A  later  portioa  prtsum 
ably  containing  some  barium  was  lost  (I).  Urine  collected  on  the  4-^ 
days  contained  no  detectable  traces  of  the  element.*  There  was,  notably, 
an  absence  of  diarrhea  in  the  first  days  of  this  experiment  and  with  the 
concentrated  diet  of  meat  no  feces  were  obtained  until  the  sixth  daj. 
They  contained  7.8  mgs.  of  barium.  On  the  eleventh  day  feces  con- 
taining 7.7  mgs.  of  barium  were  again  obtained. >  Feces  collected  at 
varying  intervals  after  this  also  gave  distinct  evidence  of  barium." 

No  other  urinary  data,  except  for  mixed  urine  and  feces?  were 
offered  by  Mendel  and  Sicher  upon  which  to  base  their  general  con- 
clusions on  the  elimination  of  barium  in  the  urine.  I  fail  to  see  any 
confirmation  of  the  essential  urinary  restdts  of  their  first  experi- 
ment by  anything  that  was  recorded  for  their  second.  The 
presumption  that  bariiun  was  present  in  the  particular  portion 
of  the  urine  which  was  lost  in  spite  of  the  fact  that  barium  could 
not  be  detected  in  any  other  sample  of  the  same  dog's  tirine, 
is  no  addition  whatever  to  experimental  evidence  on  the  subject 
The  positive  result  of  their  first  experiment  confirmed  Bary's 
observation. 

The  italics  in  the  above  summaries  are  mine.  It  will  be 
noticed  that  the  animal  that  excreted  barium  in  the  urine  also 
eliminated  diarrheal  stools.  On  the  other  hand  the  second 
animal,  after  receiving  a  much  larger  dose  of  baritim  chlorid, 
eliminated  fecal  matter  that  was  characterized  by  a  "notable" 
absence  of  diarrhea  and  excreted  urine  which,  so  far  as  its  ex- 
amination went,  was  free  from  barium.  The  average  amotmt  of 
bariiun  excreted  per  diem  in  the  feces  of  the  second  animal  was 
apparently  only  about  i  per  cent  of  that  administered. 

Berg  and  Welker  observed  considerable  variation  in  the  re- 
sponsiveness of  their  animals  to  the  barium  treatment,  just  as 
Mendel  and  Sicher  and  others  did.  Berg  and  Welker  were  xmable 
to  detect  barium  in  the  feces  of  a  dog  which  had  received  daily 
for  some  time  comparatively  large  amounts  of  barium  bromid 
subcutaneously.  There  was  a  notable  absence  of  diarrhea  from 
the  stools  of  that  particular  dog. 

»  Nothing  was  said  about  the  urine  portions  of  the  first  three  days 
except  the  remarks  quoted. 

2  Only  1.4  mg.  per  day  for  11  days.^ 

»  The  barium  in  such  a  mixture  could  not,  of  course,  be  accredited  to 
the  urine. 
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We  believe  in  this  laboratory  that  there  is  considerable  varia- 
tion in  the  susceptibility  of  animals  to  the  influence  of  moderate 
amounts  of  barium  salts,  and  similar  uncertainty  in  some  respects 
regarding  the  direction,  rate,  and  amount  of  excretion  of  barium 
after  such  dosage.  It  seems  probable  that  if  diarrhea  ensues 
after  subcutaneous  introduction  of  barium  salts,  sufficient  barium 
has  been  absorbed  from  the  injected  mass  not  only  to  pass  into 
the  intestine  in  relatively  large  amounts  but  also  to  jrield 
a  detectable  proportion  to  the  urine.  When  diarrhea  does  not 
result  possibly  the  quantity  of  absorbed  barium,  while  still 
sufficient  to  yield  appreciable  quantities  to  the  intestine,  is 
insufficient  nevertheless  to  yield  detectable  quantities  to  the 
urine.  I  am  carrying  out  a  series  of  experiments  to  ascertain 
the  facts  in  this  and  related  connections. 

In  my  work  with  radium,  I  have  been  favored  by  the  fact  that 
the  presence  of  quantities  far  too  slight  for  detection  by  any 
chemical  means  cotdd  be  proved  easily  with  the  aid  of  an  elec- 
trometer. It  is  quite  as  possible  that  more  refined  methods  for 
the  detection  of  barium  would  invariably  reveal  its  presence  in 
the  urine  for  a  given  period  after  its  introduction  per  os  or  by 
any  other  channel.  Both  the  urine  and  feces  have  been  foimd 
to  be  radioactive,  whatever  the  channel  of  introduction.  In  each 
of  the  metabolism  experiments  by  Berg  and  Welker,  even  19 
days  after  the  last  administration,  the  feces  were  still  radioactive. 

Whether  the  kidney  or  the  intestine  is  the  principle  route  of 
radium  elimination  cannot  be  stated  from  the  data  presented.^ 
That  the  intestinal  contents  and  feces  contained  radium  at  the 
same  time  that  the  intestinal  walls  gave  no  evidence  of  its 
presence  after  subcutaneous  injection  seems  apparently  contra- 
dictory. However,  radium  may  actually  have  been  present  in 
the  intestinal  membrane,  but  the  amount  contained  in  the  latter 
at  any  moment  may  have  been  beyond  the  limits  of  delicacy 
of  the  methods  for  its  detection.  Again,  the  determination  of 
comparative  radioactivity  (Table  III)  may  have  been  made  after 
the  complete  elimination  of  radium  by  the  intestine.  On  the 
other  hand,  it  is  possible  that  radium  fails  to  pass  directly  through 

»  See  foot-note  p.  473. 
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the  intestinal  wall.  The  elimination  of  radium  may  be  restricted 
to  certain  parts  of  the  gut,  a  matter  of  investigation  that  was 
not  included  in  these  tests.  The  presence  of  radium  in  the 
gastro-intestinal  tract  tmder  the  conditions  of  such  experiments 
as  these  may  depend  mainly,  perhaps  entirely,  on  its  secretion 
in  the  digestive  juices.  Thus,  I  have  found  that  the  contents 
of  the  gall  bladder  removed  at  autopsy  in  one  of  the  foregoing 
experiments  were  radioactive.  Likewise  the  contents  of  the 
stomach  have  been  found  to  be  radioactive  after  intraverums 
injection  of  radium.  Radium  may  also  be  eliminated  in  the 
saliva  and  thus  find  its  way  to  the  feces.  The  saliva  in  some 
instances  was  found  to  be  highly  radioactive.  Further  facts 
in  these  connections  will  be  communicatdd  after  the  conclusion 
of  the  experiments  now  in  progress. 

SUMMARY. 

By  whatever  channel  radium  is  introduced  it  seems  to  find 
its  way  into  practically  all  the  tissues  and  fluids  of  the  body. 

It  iseUminated'to  a  certain  extent  in  the  iirine  and  largely 
with  the  feces,  in  which  it  leaves  the  body  continuously  in  gmall 
amounts.  Its  excretion  may  therefore  be  continued  over  a 
long  period.  No  observations  were  made  on  its  removal  through 
the  skin  or  lungs. 

The  range  of  distribution  of  radium  in  the  body  is  influenced 
somewhat  by  the  channel  of  its  introduction  as  well  as  by  the 
radioactivity  (purity)  of  its  compound,  and  the  time  that  elapses 
after  its  administration  before  the  death  of  the  animal. 

So  far  as  its  distribution  and  elimination  are  concerned  raditim 
is  like  the  alkali  earth  metals.  Biological  data  conform  with 
chemical  facts  in  showing  this  resemblance.  The  results  with 
radium  suggest  that  if  chemical  methods  for  their  identification 
were  delicate  enough,  barium,  calcium,  and  their  metallic  con- 
geners could  be  detected  in  all  parts  of  the  organism  after  their 
administration  and  would  be  found  under  such  circtunstances  in 
practically  all  the  excreta. 

Certain  results  that  confirm  previous  observations  by  Bxuton- 
Opitz  and  Meyer  and  by  Berg  and  Welker  were  considered. 
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Recent  observations  on  the  excretion  of  barium  have  been 
discussed. 

The  foregoing  research  was  suggested  by  Dr.  William  J.  Gies, 
I  wish  to  express  my  obligations  for  his  many  valuable  sugges- 
tions and  helpful  criticisms.  Thanks  are  also  due  to  Mr.  Hugo 
Lieber  who  generously  supplied  the  radium  preparations  needed 
in  the  work.  The  physical  determinations  with  the  electrometer 
were  carried  out  in  the  Department  of  Physics  of  Columbia 
University,  I  am  greatly  indebted  to  Dr.  G.  B.  Pegram  for  his 
valuable  advice  on  matters  pertaining  to  the  measurements  of 
radioactivity. 
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ON  THE  QUANTITATIVE  ESTIMATION  OF  TRYPTOPHAN 
IN  PROTEIN  CLEAVAGE  PRODUCTS. 

By  p.  a.  LEVENE  and  C.  A.  ROUILLER. 

(From  the  Rockefeller  Institute  far  Medical  Research,  New  York,) 
(Received  for  publication,  November  29,  1906.) 

The  method  of  Hopkins  and  Cole  ^  made  possible  the  isolation 
of  tryptophan  from  the  other  protein  cleavage  products.  The 
methods  of  preparation  of  the  pure  substance  always  lead  to 
appreciable  loss  and  the  yield  of  the  pure  substance  does  not 
furnish  exact  information  regarding  the  real  qtiantity  of  this 
constituent  in  the  protein  molectde.  It  seemed,  therefore,  de- 
sirable to  devise  a  method  by  which  tryptophan  could  be  esti- 
mated quantitatively.  A  method  which  naturally  suggested 
itself  is  the  colorimeter,  which,  as  is  the  case  with  all  similar 
methods,  is  very  imperfect.  We  preferred  to  resort  to  a  method 
based  on  the  following  observation.  When  bromine  water  is 
added  to  a  tryptophan  solution  a  ptirple  coloration  develops. 
The  intensity  of  the  color  increases  with  the  continued  addition  of 
bromine  water  until  a  maximtmi  is  reached.  At  this  phase  the 
solution  becomes  very  sensitive  to  further  addition  of  the 
reagent.  As  little  as  one  additional  drop  of  bromine  water 
causes  the  disappearance  of  the  purple  color.  The  nature  of  the 
chemical  changes,  which  bring  about  the  described  reactions,  will 
be  studied  in  the  future. 

In  applying  this  property  of  bromine  water  in  the  quantitative 
estimation  of  tryptophan,  one  must  bear  in  mind  that  there  are 
several  other  products  of  protein  cleavage  which  combine  with 
bromine,  and  some  of  them  form  colored  substances,  the  presence 
of  which  renders  it  difficult  to  distinguish  the  end  point  of  the 
tryptophan  reaction.  In  order  to  obviate  this  difficulty  it  was 
fotmd  necessary  to  titrate,  not  the  solution  containing  all  the 
products  of  protein  cleavage,  but  only  the  fraction  precipitated 
by  the  reagent  of  Hopkins  and  Cole. 

ijourn.  of  Physiol,,  xxvii,  p.  418,  1901. 
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The  process  of  tryptophan  estimation  in  detail  is  then  as  follows: 
The  solution  of  the  products  of  protein  digestion  or  hydrdysis 
is  made  to  contain  5  per  cent,  of  svdphuric  acid  and  is  then 
treated  with  the  mercuric  sulphate  reagent  ^  of  Hopkins  and  Cok, 
which  yields  a  precipitate.  The  reagent  is  added  gradually,  the 
supernatant  liqtdd  being  tested  with  bromine  'water  from  time 
to  time.  It  is  preferable  to  end  the  addition  of  the  bromine  just 
at  the  point  at  which  the  supernatant  liquid  ceases  to  form  the 
purple  coloration.  The  mixture  is  then  allowed  to  stand  for 
twenty-four  hours.  The  precipitate  is  filtered  off,  suspended  in 
water  containing  not  more  than  i  to  2  per  cent,  of  sulphuric  add, 
and  decomposed  by  sulphuretted  hydrogen.  The  filtrate  from 
mercuric  sidphide  is  heated  on  the  water  bath  tintil  all  hydrogen 
sulphide  is  removed,  brought  to  a  definite  voltmae,  and  is  then 
ready  for  titration.  Fifteen  cubic  centimeters  of  the  solution 
are  taken  in  a  test  tube  for  analysis.  To  this  are  added  2  cubic 
centimeters  of  amyl  alcohol  which  serve  for  the  extraction  of  the 
coloring  matter.  The  bromine  water  is  added  gradually  and 
the  tube  is  shaken  vigorously.  The  addition  of  bromine  water  is 
discontinued  as  soon  as  the  purple  color  of  the  amyl  alcoholic 
layer  disappears.  Duplicates  of  the  same  solution  on  titration 
consumed  quantities  of  bromine  water  differing  by  from  0.05  to 
o.io  cubic  centimeter  of  the  reagent. 

The  concentration  of  the  tryptophan,  and  the  degree  of  acidity 
of  the  solution  employed  for  analysis  remain  without  influence  on 
the  end  reaction.  This  can  be  seen  from  the  following  experiments. 

I.    Influence  of  concentration. 

Tiyptophan  solution  10     c.c.  5     c.c. 

Water  6       "  10 

Bromine  water  1.85  *'  0.9    " 

(2  c.c.  of  amyl  alcohol  and  6  drops  of  a  15  per  cent,  solution  of  stilphuric 

acid  were  added  to  each  tube.) 

II.    Influence  of  acidity. 
Tryptophan  solution 
Water 

Amyl  alcohol 

Sulphuric  acid,  15  per  cent. 
Sulphuric  acid  cone. 

Bromine  water 

1  Ten  per  cent,  of  mercuric  sulphate,  dissolved  in  a  5  per  cent,  solution 
of  sulphuric  acid. 


10 

c.c. 

10 

c.c. 

5 

(i 

5 

«« 

2 

<« 

2 

«« 

6 

drops 

■ — 

^■~ 

6 

drops 

1.85  c.c. 

1.75  CO. 
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Since,  however,  the  precipitate  obtained  by  Hopkins'  reagent 
contains  cystin  and  tyrosin  in  addition  to  tryptophan,  it  was 
necessary  to  inquire  into  the  influence  of  these  substances  on 
the  titration  with  bromine.  It  was  found  that  each  of  the  two 
substances  combines  with  bromine. 

Tyrosin  solution 

Water 

Amyl  alcohol 

Sulphuric  acid,  15  per  cent. 

Bromine  water 

Titrated  until  the  amyl  alcohol  layer  acquired  a  pale  yellow 
coloration.  Thus  5  cubic  centimeters  of  the  tyrosin  solution 
constuned  0.35  cubic  centimeter  of  the  bromine  water. 

The  bromine  water  consumed  by  a  solution  containing  both 
tryptophan  and  tyrosin  is  equal  to  the  sum  of  the  quantities 
required  for  titration  of  each  of  the  substances  separately.  This 
is  seen  from  the  following  experiment. 


5  c.c. 

^— 

10     " 

15  c.c. 

2     " 

15     " 

6  drops 

6  drops 

0.5  c.c. 

0.15  c.c. 

Tr)rptophan  solution             10  c.c. 
Tjrrosin                                   — 
Water                                       5    " 
Amyl  Alcohol                          2    " 
Sulphuric  acid,  15  per  cent.  6  drops 

10    c.c. 
2.5   " 
2.5   " 
2       " 
6     drops 

10  c.c. 

5  " 

2     " 

6  drops 

Bromine  water                      1.85  c.c. 

2.00  c.c. 

2.2  c.c. 

Deducting  the  bromine  water  required  for  saturation  of  the 
tyrosin  one  finds  that  in  every  one  of  the  three  experiments  the 
tryptophan  required  1.8  cubic  centimeters  for  its  saturation. 

It  should  be  remarked,  however,  that  if  precautions  are  taken 
the  quantity  of  tyrosin  present  in  the  tryptophan  fraction  can 
be  reduced  to  a  mere  trace.  This  is  accomplished  first  by 
avoiding  the  addition  of  an  excess  of  the  mercuric  sulphate 
solution.  As  already  mentioned,  the  addition  of  the  reagent  is 
discontinued  as  soon  as  the  remaining  solution  ceases  to  form 
the  typical  coloration  with  bromine  water.  The  precipitate  is 
to  be  washed  with  a  5  per  cent,  solution  of  sulphuric  acid  until 
the  wash  water  contains  no  tyrosin.  One  can  calculate  the 
quantity  of  tryptophan  in  the  presence  of  tyrosin  by  making 
a  nitrogen  estimation  of  the  solution. 

Of  greater  importance  is  the  presence  of  cystin  as  seen  from 
the  following  experiment. 
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Tryptophan  solution  5  c.c.  5  c.c.  — 

Cystin  (solution  9!  sodium 

salt)  —  5     ••  5  c.c. 

Water  10    "  6     ••  10    " 

Amyl  alcohol  2    "  2     "  2    ** 

Sulphuric  acid,  15  per  cent.  6  drops  6  drops  6  drops 

Bromine  water  0.95  c.c.  1.75  c.c.  0.8  c.c. 

(The  tryptophan  solution  contained  0.0026  gm.  in  100  c.c.  of  water;  d 
tjrrosin  0.069  gm.  in  50  c.c;  of  cystin  also  0.0708  gm.  in  100  c.c.) 

Since  the  quantity  of  cystin  can  be  easily  estimated  by  a 
sulphur  determination  there  is  no  difficulty  in  calculating  the 
quantity  of  tryptophan  present  in  the  solution.  As  already 
mentioned  the  quantity  of  tyrosin  in  the  tryptophan  fraction 
can  be  reduced  to  a  mere  trace,  and  since  the  solution  binds  but 
little  bromine  by  its  presence,  can  be  disregarded.  In  esti- 
mating the  tryptophan  one  should  proceed  in  the  following 
manner:  (i)  Titrate  the  solution  of  cystin  and  tryptophan;  (2)  In 
an  aliquot  part  of  the  solution  make  a  sulphur  estimation  and 
calculate  the  quantity  of  bromine  required  to  saturate  it;  (3) 
Deduct  the  last  figure  from  that  obtained  on  titration  of  the 
solution  containing  both  substances  and  the  resulting  figure 
represents  the  number  of  cubic  centimeters  of  bromine  water 
required  to  saturate  the  tryptophan.  It  is  an  advantage  to 
standardize  the  bromine  water  with  solutions  of  tryptophan  and 
cystin  before  each  analysis. 

A  study  of  the  conditions  giving  the  best  yield  of  tryptophan 
on  protein  cleavage,  and  of  the  quantity  of  the  substance  present 
in  various  proteids  is  now  in  progress. 


ndeKed, 


A  NOTE  ON  THE  PRESENCE  OF  LACTIC  ACID  IN  THE 
URINE  OF  PERNICIOUS  VOMITING  OF  PREGNANCY. 

By  frank  p.  UNDERHILL. 

(From  the  Sheffield  Laboratory  of  Physiological  Chemistry ^  Yale  University.) 

*  (Received  for  publication,  Dec.  7,  1906.) 

That  the  study  of  the  distribution  of  the  various  forms  of 
nitrogen  in  the  urine  in  pathological  conditions  may  be  of  prac- 
tical importance  has  been  repeatedly  demonstrated.  In  dia- 
betes, etc.,  the  changes  in  the  distribution  of  urinary  nitrogen 
are  too  well-known  for  repetition  here.  More  recently,  however, 
marked  variations  in  the  distribution  of  the  nitrogen  of  the 
urine  have  been  reported  in  abnormal  conditions  attendant 
upon  pregnancy.  Thus  Zweifel  ^  has  demonstrated  an  increase 
of  ammonia  at  the  expense  of  the  urea  in  eclampsia;  and  Wil- 
liams^ has  found  like  conditions  existing  in  certain  types  of 
pernicious  vomiting  of  pregnancy. 

The  object  of  this  paper  is  to  present  a  report  of  a  case  of 
pernicious  vomiting  of  pregnancy.  The  patient '  had  had  two 
normal  pregnancies,  and  when  she  first  came  tmder  my  atten- 
tion was  in  her  fifth  pregnancy  and  suffering  from  a  pronounced 
pernicious  vomiting.  The  two  previous  pregnancies  had  been  of 
the  same  type  and  vomiting  ceased  only  after  the  uterus  had  been 
emptied.  At  the  time  the  following  experiments  were  under- 
taken she  was  in  the  second  month  of  pregnancy,  in  the  hospital, 
and  being  fed  by  rectal  enemata  only. 

In  the  following  table  is  given  the  determination  of  total 
nitrogen,  urea  nitrogen,  and  ammonia  nitrogen  for  twenty-four 

*  Zweifel,  Arch,  /.  Gynaekol,,  Ixxii,  p.  i,  1904. 

» Williams,  Johns  Hopkins  Hospital  Bulletin^  xvii,  p.  71,  1906;  Amer» 
Jowrn,  of  the  Med,  Sd,,  cxxxii,  p.  343,  1906. 

'  I  am  greatly  indebted  to  Dr.  R.  P.  Rand  for  his  courtesy  in  placing 
this  patient  at  my  disposal. 
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hour  periods.     The  methods  employed  were  those  commonly  in 
use  in  this  laboratory.^ 


COMPOSITION    OF    THE    URINE. 


Date 

Voltime 

Specific 
Gravity 

Reaction 

to 
Litmtxs 

Total 

N. 

Urea 
N. 

Ammonia 

N. 

Urea 

N. 

N. 

Oct. 

CO. 

ffm> 

gftn. 

Sm> 

per  cent. 

percent. 

11 

880 

1.012 

Acid 

4.86 

2.63 

1.59 

64.1 

32.7 

12 

090 

1.009 

«< 

4.04 

2.32 

1.12 

57.4 

27.7 

13 

660 

1.014 

«< 

2.85 

1.45 

0.69 

50.8 

24.2 

16* 

1090 

1.004 

(t 

7.18 

5.31 

0.84 

73.9 

11.7 

21 

605 

1.014 

«( 

4.97 

4.12 

0.16 

82.9 

3.8 

♦  Uterus  was  emptied  on  the  evening  of  October  14. 


The  abnormally  high  percentage  of  ammonia  at  the  expense 
of  urea  is  in  entire  accord  with  some  of  the  results  obtained  by 
WiUiams  under  similar  conditions.  According  to  the  well- 
known  theory  of  acidosis  the  high  percentage  of  ammonia  may 
be  considered  as  indicative  of  an  increased  production  of  organic 
acids  in  the  body.  In  diabetes  jS-oxybutyric  acid  is  formed  and 
ammonia  may  be  utilized  to  neutralize  it,  and  in  eclampsia^ 
lactic  acid  is  produced  and  is  probably  excreted  as  the  ammonium 
salt.  So  far  as  I  am  aware,  no  attempt  has  been  made  to  de- 
termine what  acid  (or  acids)  may  be  formed  in  the  organism  in 
pernicious  vomiting  of  pregnancy  which  is  responsible  for  the 
withdrawal  of  ammonia.     Such  an  attempt  is  recorded  below. 

Of  the  urine  of  Oct.  ii,  in  which  the  ammonia  content  rose  to 
32  per  cent.,  500  c.c.  were  taken  and  the  presence  of  lactic  acid 
tested  for  according  to  the  well-known  method.^  Prom  the 
final  aqueous  fluid  there  separated  on  standing  0.68  graia  of 
a  zinc  salt,  having  the  crystalline  form  of  zinc  paralactate,  and 
showing  laevo-rotation.  This  salt  was  identified  by  a  determi- 
nation of  the  water  of  crystallization  and  the  content  of  zinc. 


Calculated  for  Zn(C,H*0j)a  +  2H,0. 

HaO  12.9  per  cent. 

Zinc  26.7 


II 


i« 


Found. 

12.7  per  cent 
26.4 


«« 


«• 


1  Underhill  and  Closson,  this  Journal,  ii,  p.  1x7,  1906. 
« Zweifel,  Arch,  /.  GynaekoL,  Ixxvi,  p.  537,  1905. 

» Hoppe-Seyler-Thierfelder,  Handbuch  der  chemisehs  Analyse^  7th  ed.^ 
p.  449- 
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From  the  urine  of  Oct.  21  not  a  trace  of  lactic  acid  could  be 
obtained. 

The  quantity  of  the  acid  obtained  on  Oct.  1 1  (over  a  gram  of 
the  zinc  salt  for  the  24  hours'  urine)  is  relatively  large,  and 
whether  its  production  is  an  etiological  factor  of  the  pathological 
condition  noted  or  simply  the  result  of  an  abnormal  metabolism 
can  be  decided  only  by  future  investigation. 
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Introduction. 

Five  years  ago  the  senior  author  of  this  paper  began  a  study 

of  catalysis  under  various  ionic  conditions,  and,  in  the  course  of 
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two  jnears,  by  occasional  effort,  finished  about  twenty-five  experi- 
ments. Until  lately,  however,  more  urgent  work  interfered 
with  the  progress  of  the  contemplated  series  of  researches. 

The  main  concltisions  of  two  important  sections  relating  to  the 
work  on  peptic  proteol)rsis  were  published  nearly  four  years  ago. 
The  first  results  obtained  in  this  connection  were  communicated 
(December,  1902)  in  a  preliminary  report  on  **the  influence  of 
the  hydrogen  ion  in  peptic  proteoljrsis."  *  About  five  months 
later  (May,  1903),  the  results  of  a  second  series  of  experiments, 
on  "peptic  proteolysis  in  add  solutions  of  equal  conductivity,"  ■ 
were  reported  in  a  similar  communication. 
I'  The  experiments  referred  to  were  carried  out  by  the  senior 
author  and  were  conducted  with  considerable  attention  to  chem- 
ical and  phjrsical  details  connected  with  the  digestive  products. 
One  of  the  first  difficulties  encountered  in  the  effort  to  make 
the  work  as  accurate  as  possible  was  the  quantitative  estimation 
of  acidalbumin  (neutralization  precipitate) .  On  account  of  this 
obstacle  it  was  soon  found  desirable  to  study  the  quantitative 
determination  of  acidalbumin  as  a  special  problem.  Accordingly, 
before  proceeding  with  the  main  investigation.  Dr.  P.  B,  Hawk, 
then  an  assistant  in  this  laboratory,  was  invited  to  co-operate  in 
conducting  the  research  which  was  described  in  the  paper  **on 
the  quantitative  determination  of  acidalbumin  in  digestive 
mixtures.*'^ 

In  the  paper  describing  the  results  of  that  investigation  the 
following  remarks  were  made  (p.  460) : 

*•  In  many  of  the  experiments  which  have  been  carried  out  to  determine 
quantitatively  the  proteolytic  power  of  pepsin  under  various  conditions, 
the  chief  deductions  have  been  drawn  directly  from  the  amoimts  of 
imdigested  or  residual  matter  rather  than  from  the  proportions  of  the 
digestive  products  themselves.     In  a  majority  of  these  cases  the  figures 

>  Gies,  Proc.  of  the  Atner.  Physiol.  Soc,  1902;  Amer.  Joum.  of  Pkysid., 
viii,  p.  xxxiv,  1903.  Also  Gies  and  collaborators,  Biochemical  Researches, 
i,  p.  61,  1903. 

«  Gies,  Proc.  of  the  Amer.  Physiol.  Soc,  1903;  Amer.  Journ.  of  Physiol., 
ix,  p.  xvii,  1903.  Also  Gies  and  collaborators,  BiochemiccU  Researches, 
i,  p.  62,  1903. 

•  Hawk  and  Gies,  Amer.  Joum.  of  Physiol. ^  vii,  p.  460,  190a.  Also 
Gies  and  collaborators,  Biochemical  Researches,  i.  Reprint  No.  34,  1903. 
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for  tindigested  matter  have  doubtless  suggested  approximately  correct 
conclusions  in  this  regard,  but  it  seems  probable  that,  in  some  instancea 
at  least,  quantitative  studies  of  the  albuminates,  proteoses,  and  pep- 
tones formed ^would  have  furnished  more  accurate  and  acceptable  data. 

**  The  writer  has  recently  been  engaged  in  a  study  of  the  action  of  pepsin 
under  varying  degrees  of  acidity  with  a  ntmiber  of  adds,  and  in  the 
presence  of  different  ions,  the  results  of  which  will  be  reported  later.  In 
experiments  of  such  character  the  increasing  or  decreasing  amotmts  of 
acid  associated  with  the  pepsin,  to  say  nothing  of  its  quality,  variously 
affect  the  proteid  indicator,  irrespective  of  the  influence  on  the  latter 
of  the  enzyme.  Different  proportions  of  acidalbumin  would  be  formed, 
also,  with  variations  in  the  chemical  character  and  physical  condition 
of  the  proteid  tosed  to  test  relative  zymolysis.  If  correct  comparative 
deductions  are  to  be  drawn  from  the  results  of  such  experiments,  it 
would  seem  that  determining  the  amounts  of  albuminate  present  in 
each  case  would  be  almost  if  not  quite  as  important  as  ascertaining  the 
quantity  of  imdissolved  or  tmdigested  substance.  It  is  conceivable  that 
in  comparative  cases,  where,  for  example,  the  undigested  matter  might 
be  decreased,  the  proportion  of  acidalbtunin  formed  by  the  mere  solvent 
action  of  the  acid  might  be  correspondingly  larger.  To  assume  from  the 
fact  of  diminished  quantity  of  original  proteid,  in  such  an  instance,  that 
zymol3^is  had  been  greater  in  the  one  case  than  in  the  other  obviously 
would  be  unwarranted." 

All  the  peptic  experiments  reported  in  the  present  paper  were 
carried  out  in  the  light  of  the  information  gained  from  the  above- 
mentioned  experiments  on  the  quantitative  estimation  of 
acidalbumin.^  This  information  was  helpful  in  the  trjrptic 
experiments  also. 

A  few  months  ago  resumption  of  the  work  and  more  detailed 
study  of  the  several  questions  involved  in  it  were  made  possi- 
ble by  the  co-operation  of  the  jtmior  author.  This  paper  gives 
the  essentials  of  all  the  work  done  in  this  laboratory  since 

1  In  anticipation  it  may  be  said  that  in  most  of  the  experiments  (with 
fibrin)  described  in  this  paper,  our  conclusions  would  have  been  practically 
the  same  with  regard  to  rate  and  extent  of  zymolysis  if  we  had  had  only 
data  for  residues  (tmdigested  substance).  When  proteins  like  "myosin*! 
are  used  in  such  experiments,  however,  determinations  of  the  amounts  of 
neutralization  precipitate  would  seem  to  be  particularly  desirable.  The 
value  of  data  for  neutralization  precipitate  in  such  work  will  be  further 
investigated  with  many  other  protein  products  in  a  research  already 
inaugurated. 
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the    winter    of    1901-02    on  peptic    and    also    on     trjrptic* 
proteolysis. 

Experimental. 
A — Solutions,  Enzyme  Preparations^  and  Protein  Indicators. 

The  essential  products  employed  in  each  digestion  experiment 
were  (i)  the  aqueous  solution  containing  H*  or  OH'  ions,  (2) 
the  material  containing  pepsin  or  trypsin,  and  (3)  the  indicator 
of  proteolysis  (protein  product). 

Acids  and  Bases. — All  the  solutions  used  in  these  experiments  were 
prepared  with  the  greatest  concern  for  quantitative  accuracy. 

Acids, — Ordinary  mineral  and  organic  acids,  most  of  which  commonly 
occur  in  food  as  free  acids  or  as  salts,  were  selected.  Their  names  and 
formtdas  are  simmiarized  below: 


Inorganic: 


Monobasic — Hydrochloric,  HCl 
Hydriodic,  HI 
Chloric,  HCIO, 
Nitric,  HNO, 


Dibasic     — Sulfuric,  H2SO4 


Tribasic    — Phosphoric,  HjPOi 
Arsenic,  HjAsOi 


Organic : 

Monobasic — Lactic, 

CH,-CHOH-COOH 
Acetic,  CHjCOOH 

COOH 

Dibasic     — Oxalic,    ( 

COOH 

.      CH(OH)-COOH 

Tartaric,    | 

CH(OH)-COOH 
CH,-COOH 

Tribasic    —Citric,    C(OH)COOH 

'H.-COOH 


(^1 


We  used  the  best  acid  preparations  obtainable  in  the  market.  They 
appeared  to  be  practically  free  from  impurity  except  water.  Bquinormal 
(isohydric)  stock  solutions  were  very  carefully  prepared  with  the  aid 
of  X9  soditmi  hydroxid  solution.  Titration  was  conducted  with  congo 
red  or  phenolphthalein,  and  ntunerous  checks  were  made   until  the 


«  Berg  (communicated  by  Gies),  Proc.  of  the  Sect,  of  Biol.  Chem.  of 
the  Amer.  Chem.  Soc.  in  affiliation  with  Section  C  (chemistry)  of  the 
Amer.  Assoc,  for  the  Adv.  of  Sci.,  December,  1905.  Science^  xxiii, 
P-  335*  1906.  Proceedings  of  the  Association,  p.  331,  1906.  Also  Berg 
and  Gies,  Prac,  of  the  Soc,  for  Exper,  Biol,  and  Med,,  iv,  p.  17,  1906-07. 


William  N.  Berg  and  William  J.  Gies  493 

solutions  were  rendered  assuredly  equivalent,  >  directly  or  after  simple 
dilution.  The  remaining  types  of  acid  solutions  were  prepared,  as  a  rule, 
from  the  equinormal  (isohydric)  solutions  >  by  proper  dilution.  Most  of 
the  equidissociaied  (isohydrionic)  solutions,  however,  were  very  carefully 
prepared  for  us  independently  by  Dr.  C.  W.  Elanolt,  in  the  laboratory  of 
physical  chemistry.  There  were  two  groups  of  such  acids,  representing 
two  degrees  of  hydrion  (H*)  concentration,  i.e.,  each  was  equal  in  hydrion 
concentration  to  that  of  a  0.09  per  cent,  or  a  0.19  per  cent,  aqueous  solu- 
tion of  hydrochloric  acid.  We  are  greatly  indebted  to  Dr.  Elanolt  for 
the  valuable  assistance  he  has  given  us.  The  equivalent  isohydrionic 
acid  solutions  that  were  subsequently  prepared  by  the  jtmior  author  gave 
confirmatory  digestive  results. 

I  Bases. — We  used  ordinary  bases  of  various  types.  Their  names  and 
formulas  are  appended: 

Inorganic : 

Sodium  carbonate,  Na^COj 
Potassitun  hydroxid,  KOH 
Ammoniimi  hydroxid,  NH4OH 
Organic:  _ 

Aliphatic — Tetra-ethyl  ammonium  hydroxid,  (CtH,)4=N-OH 

CHj— NHj 
Ethylene  di-amin,  I 

CH  a-NH  a 

Tri-methyl  amin,  (CH,),=N 

CHa-CH, 

Aromatic — Piperidin,  HaC^  yNH 

CHa-CH, 
Cri  a"^H  a 

Conin,  HaC<('  ^NH 

CHa-CH 


C*H, 


CHa"~Cria 
Piperazin,  HN<^  ^NH 

CHa"~CHa 


>  The  data  stunnmrized  in  Cohn's  Indicators  and  Test  Papers  were  * 
relied  upon  for  acctirate  indications. 

*  The  equinormal  (isohydric)  solutions  were  prepared  in  large  volumes 
for  the  initial  digestion  experiments.  They  were  also  used  later  in  the 
special  acidalbtmiin  study  by  Hawk  and  Gies  Qoc.  cit.),  in  the  work  done 
by  Loeb  and  Gies  (Arch.  f.  d.  ges.  Physiol.,  xciii,  p.  246,  190a;  also  Gies 
and  collaborators,  Biochemical  Researches,  i.  Reprint  No.  29,  1903),  and 
have  since  been  employed  in  this  work.  Many  of  the  earlier  experi- 
ments have  been  repeated  with  newly  prepared  acid  solutions ;  their  results 
have  invariably  been  confirmed. 
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Our  solutions  were  made  of  the  best  obtainable  samples  of  the  bases 
indicated.  The  original  ethylene  di-amin  was  a  lo  per  cent,  aqueoas 
solution  (Schering  and  Glatz)  containing  a  small  proportion  of  impurity, 
chiefly  anmioniimi  hydroxid.  The  tri-methyl  amin  product  from  which 
our  solution  was  made  was  a  lo  per  cent,  aqueous  solution  (Merck)  con- 
taining some  ammonium  hydroxid.  The  remaining  bases  appeared  to 
be  practically  pure.  In  all  probability  the  recognized  impurities  had 
no  marked  effect  on  the  general  outcome  of  the  experiments.  See 
page  536. 

The  basic  solutions  employed  in  our  work  were  of  one  general  type — 
equidissociated  (isohydroxidionic).  They  were  prepared  in  three  con- 
centrations— each  approximately  equal  in  hydroxidion  (OH')  content  to 
that  of  a  0.25  per  cent.,  0.5  per  cent.,  or  i.o  per  cent,  aqueous  sodium 
carbonate  solution. 

As  is  well  known  an  aqueous  solution  of  sodium  carbonate  contains 
hydroxyl  ions,  which  result  from  the  hydrolytic  action  of  the  water  on 
the  carbonate  with  the  formation  apparently  of  small  quantities  of  ionized 
sodiimi  bi-carbonate  and  ionized  soditun  hydroxid,  as  is  indicated  below: 

Na,COj+HOH^Na-,  OH'  +  Na'.  HCO/ 

All  the  bases  selected  for  use  in  this  work  undergo  electrolytic 
dissociation,  though  in  widely  different  degrees  tinder  similar 
conditions. 

Shields  *  determined  the  concentration  of  hydroxyl  ions  in  solutions  of 
soditun  carbonate  of  various  strengths,  by  determining  the  speed  with 
which  such  solutions  saponified  an  ester.  The  following  results  wexe 
obtained  by  him: 

Molecular  Percentage  Concentration  of  Hydrolytic 

Concentration  of  Concentration  of        OH' :  mun-mols  per  I>u»ociation. 

Na^COi  Na,COj  1000  liters.  per  cent. 

0.1900  2.00  8.04  2.12 

0.0940  1.00  5.96  3.17 

0.0477  0.60  4.66  4.87 

0.0238  0.25  3.38  7.10 

The  desired  equivalent  concentrations  of  the  other  bases  employed  in 
these  experiments  were  determined  by  calculation  with  the  aid  of  Shields*s 
and  Bredig's  >  data. 

The  desired  product  was  made  by  dissolving  the  weighed  quantity  of 
base  in  the  corresponding  volume  of  water  and  determining  the  exact 
strength  of  the  solution  with  ^J  or  to  sulfuric  add.  Titration  'was  accom- 
plished with  the  aid  of  congo  red  or  phenolphthalein,  and  further  addi- 


«  Shields,  Zeitschr,  /.  pkysikaL  Ghent. ,  xii,  p.  177,  1893. 
s  Bredig,  ibid.,  xiii,  p.  289,  1894. 
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tions  of  water  or  base  were  made  until  exact  equivalence  with  the  standard 
was  assured.* 

Enzymb  Preparations.  —  Pepsin  Products, —  Four  preparations  of 
pepsin  were  employed,  which  are  designated  in  our  summaries  (page  509, 
et  seq.)  as  follows: 

**  Pepsin — A."     Merck's,  1:4000.     Purchased,  1901. 

*  *  Pepsin —  B . "  This  preparation  ( 1 90  3)  was  a  glycerol  extract  of  gastric 
mucosa,  prepared  especially  for  this  work  as  follows:  Pig  stomachs* 
shortly  after  their  removal  from  recently  slaughtered  animals,  were  opened 
and  the  loosely  adherent  mucus  removed  with  a  dry  towel.  The  mucous 
membrane  was  separated,  spread  on  a  glass  plate,  and  peptic  material 
obtained  by  scraping  the  surface  of  the  membrane  with  a  scalpel.  The 
mucous  matter  thus  separated  was  placed  in  a  concentrated,  aqueous 
50  per  cent,  solution  of  glycerol,  and  extraction  in  it  continued  several 
days.  The  clear  extract  was  then  drawn  off,  strained,  bottled,  and  used 
without  further  treatment.     It  was  found  to  be  strongly  peptolytic* 

"Pepsin — C."     Parke,  Davis,  and  Co.'s,  1:3000.     Purchased,  1903. 
"Pepsin — D."    Parke,  Davis,  and  Co.'s,  1:2000.     Purchased,  1905. 
Trypsin  Products. — Three  preparations  of  trypsin  were  used,  which  sae 
designated  in  our  summaries  (page  538,  et  seq.)  as  follows: 

*  *  Trypsin — A."  Prepared  as  follows :  Sheep  pancreas  was  minced  and 
thrown  into  a  large  excess  of  alcohol.  The  alcohol  was  renewed  occa- 
sionally for  several  days.  The  residual  tissue  mass  was  then  dried  at 
room  temperature.  After  all  alcohol  had  disappeared  75  grams  of  the  dry 
material  were  extracted  in  about  500  c.c.  of  a  o.i  per  cent,  aqueous  solu- 
tion of  salicylic  acid  at  40^  C.  for  about  10  hours.  The  filtered  extract 
was  poured  into  a  large  excess  of  alcohol.  The  precipitate  thus  obtained 
was  strongly  tryptic.  The  dry  product  was  powdered  and  desiccated 
over  stdftiric  acid.  It  was  quite  hygroscopic  but  was  kept  dry  in  order 
to  prevent  inaccuracies  in  weighing. 

"Trypsin— B."  "Trypsin  Merck."  Purchased,  1906.  This  product 
was  not  appreciably  hygroscopic. 

"Trypsin — C."  "Trypsin  Merck."  Purchased,  1906.  Similar  to 
trypsin  "  B  "  in  gross  aspects. 

Protein  Products. — Three  different  types  of  protein  indicators  were 
used:  fibrin,  elastin,  and  edestin.     These  proteins  were  selected  because 

^  Helpful  facts  in  this  connection  and  in  relation  to  the  concentration 
of  hydrion  in  solutions  of  hydrochloric  acid  containing  sulfuric  add 
(page  532)  were  given  us  by  Prof.  J.  L.  R.  Morgan,  for  whose  valued 
assistance  it  is  a  pleasure  to  render  appreciative  acknowledgment. 

3  This  extract  was  prepared  in  May,  1903.  Glycerol  was  the  only 
preservative  employed.  The  proteolytic  power  of  the  extract  seems  to 
be  undiminished  (November,  1906)  and  the  extract  itself  appears  to  be 
only  slightly  altered.  It  is  somewhat  darker  in  color,  and  has  acqtiired  an 
odor  resembling  that  of  concentrated  meat  extract. 
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they  can  be  prepared  readily  in  large  quantities  and  can  be  freed  almost 
perfectly  from  adventitious  matter,  especially  from  dissociabfe  salts.* 
They  can  easily  be  rendered  anhydrous  at  zio^C,  after  preliminary 
treatment  with  alcohol  and  ether  and  dr3ring  at  room  temperature,  with- 
out seriously  affecting  their  digestibility  in  peptic  or  tr3rptic  soltttioas. 
The  light,  loosely  fibrous  character  of  anhydrous  fibrin  or  elastin  particles 
make  granular  samples  of  these  two  proteins  particularly  well  ad^>ted 
for  work  of  this  kind.     The  light,  white  powder  in  which  crystalline 
edestin  may  be  prepared  is  also  a  very  valuable  indicator  in  proteolytic 
work.     The  convertibility  of  fibrin  or  edestin  (in  peptic  or  tryptic  liquids) 
into  proteinates  ("albuminates")  that  are  rendered  insoluble  in  the  main 
on  neutralization  of  their  solutions,  makes  quantitative  determination  of 
two  general  classes  of  the  soluble  digestive  products  convenient.     Approx- 
imate estimation  of  the  general  zymolytic  partition  of  these  protein  in^ 
dicators  is  also  rendered  relatively  easy,  as  a  consequence.     These  three 
proteins  were  of  fiuther  advantage  in  this  work  because  they  represent 
three  fairly  distinct  grades  of  protein  solubility  in  dilute  acid  or  alkali, 
and  exhibit  similar  well  marked  differences  in  resistance  to  proteolysis. 
(See  pages  518-19.) 

Fibrin, — ^Three  preparations  of  fibrin  were  made  as  follows: 
"Fibrin — A."  »  Fibrin,  from  ox  blood,  was  finely  minced  in  a  hfl.«;liitig 
machine  within  an  hour  after  its  separation  at  the  abattoir.  It  was  kept 
in  clean  running  water  over  night.  In  the  morning  it  w^as  again  passed 
through  a  hashing  machine  and  returned  to  clean  running  -water  until 
evening.  By  that  time  the  pieces  were  almost  perfectly  exsanguinated. 
Persistently  bloody  particles  were  removed  mechanically  and  discarded. 
The  main  mass  of  bloodless  pieces  was  pressed  in  cheese  cloth  and 
transferred  to  10  per  cent,  alcohol  over  night.  Washing  in  alcohol  was 
frequently  repeated  for  several  days.  The  strength  of  the  alcohol  was 
increased  for  each  washing  until  absolute  alcohol  was  used,  after  which 
the  material  was  thoroughly  washed  free  from  alcohol  w^ith  anhydrous 
ether.  The  product  was  freed  from  ether  by  evaporation  at  room  temper^ 
ature.  The  particles  were  light,  white,  and  loosely  fibrous.  The  fibrin 
was  then  further  granulated  in  a  pulverizer,  after  which  treatment  it  con- 
sisted of  very  small  particles  that  were  fairly  uniform  in  size.  In  this 
state  samples  of  the  material,  as  they  were  needed,  were  heated  at  no®  C. 
until  all  traces  of  moisture,  alcohol,  and  ether  were  eliminated.  Although 
the  specially  dried  material  was  kept  in  well  stoppered  bottles,  samples 
of  it  were  subjected  to  repetitions  of  the  desiccation  process,  in  order  to 
insure  the  absence  of  atmospheric  moisture  at  the  time  the  material  was 
needed.     This  preparation  was  first  used  in  1901. 


»  A  very  important  consideration,  when  the  effects  of  ions  are  tmder 
investigation.     See  page  497* 

«  This  and  similar  designations  are  employed  in  our  simunaries,  page 
509,  et  seq. 
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"Fibrin — B"  was  made  in  1902  by  the  method  used  in  the  prepara- 
tion of  "fibrin — A."  In  addition  to  the  treatment  accorded  "fibrin — A  *l 
the  original  fibrin  hash  of  this  preparation  was  stirred  in  boiling  water  for 
about  5  minutes  before  treatment  with  alcohol  was  begun. 

"Fibrin — C"  was  made  in  1903  by  exactly  the  same  method  as  that 
used  in  the  preparation  of  "fibrin — A." 

Elastin, — The  preparation  of  elastin  used  in  this  work  was  a  finely 
granulated  sample  of  one  of  the  pure  elastin  products  made  and  analyzed 
by  Richards  and  Gies.»  Samples  were  dried  to  constant  weight  at  1 10**  C. 
before  they  were  used. 

Edestin, — Our  preparation  of  edestin  was  made  from  hempseed  by 
Osborne's  method.*  The  light,  white,  crystalHne  powder  was  dried  to 
constant  weight  at  no®  C.  before  its  employment. 

Inorganic  Contents  of  the  Protein  and  Enzyme  Products  Em- 
ployed.— ^That  none  of  the  digestive  results  summarized  in  this  paper 
could  have  been  appreciably  modified  by  inorganic  ions  introduced  with 
or  formed  from  the  protein  or  enzyme  products  used  in  the  experiments 
is  evident  from  an  examination  of  the  appended  table,  which  gives  the 
ash  product  from  each  protein  *  and  enzyme  preparation  taken : 


Amount  of  substaoca 
anal3rzed 

Ash  (expressed  in  milligrams). 

Proteins. 

Enzyme  Products. 

Milligrams 

Fibrin. 

Elas- 
tin 

3.60 
0.36 
0.04 

Pepsin. 

Trypsin. 

A 

B 

C 

A 

B 

C 

D 

A 

B 

50.80 
508 
0.51 

C 

1000 

100 

10 

6.00 
0.69 
0.07 

5.90 
0.59 
0.06 

5.10 
0.51 
0.05 

19.40 
1.94 
019 

5.10 
0.51 
0.05 

25.50 
2.55 
0.26 

32  00 
3.20 
0.32 

94.20 
9.42 
0.94 

61.50 
6.16 
0.61 

B — Digestive  Procedure. 

In  all  the  digestion  experiments  the  following  general  plan  of  procedure 
was  followed: 

Water  Bath. — ^We  used  a  circular,  tin-plate,  water  bath  nearly  7  inches 
deep  and  a  foot  in  diameter,  containing  a  loosely  fitting  double  platform  of 
zinc  that  could  easily  be  turned  or  raised.  The  legs  on  which  the  double 
platform  rested  were  2  inches  long,  and  consequently  the  lower  shelf  in 
the  platform  was  separated  from  the  bottom  of  the  bath  by  a  layer  of 
water  2  inches  deep.  The  double  platform  was  open  at  the  circum- 
ference. The  slender  perpendicular  attachments  between  the  lower 
and  upper  shelves  of  the  movable  platform  were  about  1}  inch  long. 
The  upper  shelf  had  a  dozen  perforations,  each  of  which  was  a  Uttle  more 

»  Richards  and  Gies,  Atner.  Journ,  of  Physiol.,  vii,  p.  93,  1902;  also 
Gies  and  collaborators,  Biochemical  Researches,  i,  Reprint  No.  4,  1903. 

«  Osborne,  Atner.  Chem.  Journ.,  xiv,  p.  28,  1893. 

»  All  of  our  edestin  preparation  was  inadvertently  used  up  in  another 
research  before  a  determination  of  its  inorganic  matter  could  be  made. 
3a 
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than  2  inches  in  diameter.  The  containers  of  the  digestive  mixtures 
fitted  these  perforations  loosely  and  rested  on  the  lower  shelf  of  the 
platform,  in  which  were  many  perforations  half  an  inch  in  diameter. 

The  bottom  of  the  bath  was  7  inches  from  the  table .  H  eat  was  supplied 
from  a  steady  minute  gas  flame.  The  movable  platform  was  inter* 
mittently  raised  and  lowered  during  an  experiment  to  favor  rapid  aad 
equal  distribution  of  the  heat.  No  difficulty  was  experienced  in  keeping 
the  temperature  of  the  water  practically  constant. 

Containers. — The  digestive  containers  were  heavy  wide-mouthed  i^bs 
bottles  with  ground  glass  stoppers.  The  bottles  fitted  the  upper  sbdf 
perforations  loosely.  The  bottles  were  nearly  6  inches  high  and  had  i 
capacity  of  130  c.c.  The  level  of  the  solutions  in  the  containers  was  bekv 
that  of  the  surrounding  water.  The  width  of  the  neck  of  each  container 
made  introduction  of  enzyme  and  protein  particularly  easy.  There  wis 
also  no  difficulty  whatever  in  completely  removing  digestive  residues  far 
gravimetric  determination. 

Digestive  Mixtures. —  Volume  of  Acid  or  Base. — In  every  experimeot 
the  volume  of  each  acidic  or  basic  solution  was  100  c.c.  Immediately 
after  this  volume  of  the  solution  had  been  transferred  to  the  digestive 
container,  the  latter  was  tightly  stoppered.  Up  to  the  time  that  filtratioa 
was  started  the  stopper  of  the  container  was  removed  twice ;  once,  for  the 
introductionof  enzyme;  again  for  the  transferal  of  protein — each  tmnn  onlx 
for  a  very  brief  period.  Appreciable  evaporation  and  attendant  changes 
in  degrees  of  concentration  and  ionization  were  thus  entirely  prevented 
until  filtration  was  started. 

The  volume  selected  was  such  that  the  mixtures  could  be  gently 
shaken  without  projecting  liquid  against  the  stopper  and  thus  witboot 
causing  temporary  removals  by  capillarity  from  the  main  volume,  with 
their  attendant  unequal  influences  on  the  digestive  process. 

Transference  of  Enzyme, — In  experiments  of  this  kind,  in  which  coo- 
parative  data  are  sought,  it  is  obvious  that  the  difficulties  attending 
exactly  equal  distribution  of  enzyme  in  a  series  of  solutions  are  partico* 
larly  great.  The  activity  of  even  a  trace  of  enzyme  is  tisoallyso 
marked  that  the  greatest  care  was  necessary  in  this  connection,  and 
every  precaution  was  taken  to  prevent  all  but  the  very  slight  and 
insignificant  errors  that  are  entirely  unavoidable  in  such  work. 

The  enzyme  was  transferred  to  the  digestive  solution  in  either  the  itiy 
state  or  in  dissolved  form.  When  a  relatively  large  quantity  of  an  enzyme 
product  was  used  in  each  solution  of  a  series,  e.g.,  200  mj»s.,  the  amount 
was  quickly  and  accurately  obtained  on  a  watch  glass  on  a  fine  balanre, 
and  transferred  to  the  solution  through  a  small  dry  funnel  from  which  the 
tube  had  been  removed.  By  tilting  the  watch  glass  carefullv  over  the 
funnel  all  but  a  few  minute  particles  of  the  enzyme  product  slid 
collectively  into  the  solution.  The  adherent  particles  could  easily  be 
brushed  into  the  solution.     Losses  from  "dusting'*  were  inappreciabk. 

When  particularly  small  quantities  of  any  enzyme  product  were  u.«d 
in  the  solutions  of  a  series,  e.g.,  10  mgs.  in  each,  it  seemed  probable  that 
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even  slight  and  unavoidable  errors  in  weighing  individual  masses  of  lo 
mgs.  might  be  sufficient  to  introduce  confusing  variations  in  the  digestive 
restilts.  Consequently  such  small  amounts  as  xo  mgs.  of  the  enz3rme 
preparation  were  introduced  into  the  bottles  of  a  series  in  minute  volumes 
of  a  freshly  prepared  aqueous  solution.  ^  This  solution  was  concentrated 
to  such  a  degree  that,  as  a  rule,  not  more  than  o.i  c.c.  of  it  was  required 
to  give  the  desired  quantity  of  enzyme.  The  enzyme  solution  was  deliv- 
ered from  a  buret  or  accurately  calibrated  pipet.  Uniformity  of  measure- 
ment was  insured  for  each  series  of  experiments  by  the  use  of  the  same 
tube,  by  the  removal  of  the  same  number  of  drops  of  enzyme-containing 
fluid  for  each  member  of  the  series,  by  the  delivery  of  the  fluid  from  a 
column  that  was  kept  practically  the  same  in  height,  and  by  the 
maintenance  of  uniform  external  conditions  about  the  orifice  of  the  tube. 

The  enzyme  was  almost  always  transferred  to  the  main  solution  a  few 
minutes  before  the  protein  was  added  and  after  the  desired  temperature 
had  been  reached. 

Protein  Indicator. — In  all  but  a  few  experiments  we  used  for  each 
digestive  observation  i  gram  of  protein,  dried  to  constant  weight  at 
loo-iio®  C.a  Exactly  i  gram  of  the  protein  was  quickly  weighed  on  a 
fine  balance  and  conveyed  to  the  container  by  the  method  above  described 
for  the  transferal  of  dry  enzyme.  The  stoppered  container  was  taken 
from  the  bath  to  the  balance  for  the  process,  but  was  immediately  returned 
to  prevent  appreciable  fall  of  temperature.  The  time  at  which  the 
protein  was  dropped  into  the  solution  was  recorded  as  the  beginning  of 
the  digestive  period  for  that  particular  mixture. 

The  particles  of  the  protein  indicator  were  so  nearly  uniform  in  size 
that  unavoidable  initial  inequalities  of  total  surface  exposure  of  the 
protein  to  the  solution  must  have  been  too  slight  for  any  appreciable 
consequent  effects  on  the  digestive  results. 

Digestive  Period. — ^The  period  of  digestion  varied  for  the  different 
series  but  was  exactly  the  same  for  each  member  of  a  series.  During 
the  continuance  of  an  experiment  the  movable  platform  was  occasionally 
raised  and  turned,  and  the  mixtures  were  repeatedly  shaken  individually. 
In  this  process  every  effort  was  made  to  subject  each  mixture  to  exactly 
the  same  treatment. 

Quantitative  Determination  of  Digestive  Products. — Filtration 
(removal  of  undigested  matter). — As  soon  as  the  scheduled  digestive 
period  expired  for  the  mixtvu^  that  received  the  first  sample  of  protein, 
filtration  of  that  mixture  was  begun  on  a  dry,  weighed  paper  in  readiness 
for  the  operation.  Each  mixture  was  removed  from  the  bath  for  this 
purpose  in  the  order  of  its  original  introduction.  As  a  rule  ordinary 
filtration  was  prompt  enough  to  make  the  use  of  special  pressure  apparatus 

>  Modification  of  concentration  or  degree  of  dissociation  as  a  result  of 
such  dilution  was  not  sufficient  in  any  case  to  affect  the  results  to  any 
appreciable  extent. 

<  The  exceptions  are  referred  to  on  pages  519  and  521. 
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unnecessary.  Naturally,  in  the  case  of  every  mixture  in  a  state  of  active 
zymolysis,  digestion  both  of  residue  and  of  products  in  the  filtrate  also  coih 
tinned  to  progress,  though  with  diminished  intensity,  during  the  fihnLtioD 
process.  The  expedition  and  regularity  with  which  filtration  was  always 
conducted,  however,  rendered  such  continued  digestion  comparativclT 
slight  in  every  series  and  whatever  its  extent  may  have  been  in  ant 
experiment,  it  could  never  have  been  sufficiently  variable  in  a  series  ts 
have  modified  the  proportionate  results. 

The  residue  obtained  in  the  initial  filtration  process  was  thorough 
washed  with  water  until  the  washings  were  entirely  neutral.  It  im 
then  dried  to  constant  weight  at  zio°C.  and  weighed.  The  washixi{ 
process  was  usually  accomplished  without  delay.  , 

NeutraliecUion  (precipitation  of  proteinate). — As  a  rule  the  amoont 
of  acidalbumin  present  in  the  digestive  filtrates  at  a  given  time  was  d^ 
termined.  The  method  employed  was  that  described  by  Hawk  and 
Gies.i  Neutralization  was  completed  in  the  hot  liquids.  It  was  ob- 
viously impracticable  to  precipitate  the  proteinate  before  the  mixture  vai 
filtered,  but  while  the  residue  was  being  isolated  on  the  filter  paper, 
digestion  in  the  accumulating  filtrate  continued,  though  with  decreasia{ 
rapidity.  The  digestives  periods  for  residue  and  proteinate  (neutraHta- 
tion  precipitate)  could  not  be  made  the  same  therefore. 

Our  tables  specify,  for  each  of  the  series  of  digestions  in  which  neutnH- 
zation  precipitates  were  obtained,  the  length  of  the  main  digestive  penod 
(before  filtration  was  started)  and  the  added  time  until  neutralization  d 
the  filtrate  for  the  precipitation  of  proteinate  was  accomplished.  Botk 
periods  were  of  uniform  length  for  the  filtrates  of  a  given  series  of  expen- 
ments.  The  digestive  period  for  the  residue  is  obviously  the  first  of 
the  two  periods  referred  to;  that  for  the  proteinate  is,  roughly  speakiog. 
the  total  time  of  the  two  periods.  The  figures  for  time  in  the  siumnariei 
of  this  work  (page  502,  r/  seq.)  represent  the  closest  i>ermissible  appronn- 
ations  to  the  actual  periods  of  time  involved  in  the  various  operations. 
It  is  sufficient  to  know  for  a  correct  estimation  of  our  results,  that  the 
departures  from  the  absolute  time  for  each  operation  in  this  connectioo 
were  always  insignificant  and  were  practically  the  same  for  each  member 
of  a  series.  If  it  be  inferred,  because  of  certain  inequalities  in  the  re- 
corded amounts  of  residue  and  dissolved  products  in  each  series,  tbat 
significant  quantitative  errors  have  occurred  to  prevent  greater  umformitj 
of  the  digestive  results  it  will  be  foimd  on  examination  that  obviatiofl 
of  the  presiuned  experimental  defects  would  have  strengthened  the  evidence 
on  which  our  conclusions  are  based.  Our  experimental  errors  must  have 
been  relatively  trivial  so  far  as  possible  prevention  of  quantitative  uni- 
formity among  the  digestive  results  was  concerned.  In  no  case  could 
the  prevention  of  any  such  slight  and  unavoidable  departures  have 
brought  about  greater  similarity  in  the  results  for  any  series  than 
in  those  actually  recorded.  More  perfect  methods  would  certainly 
have  emphasized  all  our  deductions  from  the  results  of  this  work. 

1  Hawk  and  Gies,  loc.  cit. 
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In  view  of  the  fact  that  the  amount  of  neutralization  precipitate 
obtainable  was  frequently  quite  small,  we  used  comparatively  large 
proportions  of  each  filtrate  for  the  determination  of  the  substance.  The 
volume  selected  was  usually  80  c.c;  occasionally  it  was  not  more  than 
50  c.c.  As  soon  as  the  desired  volume  was  obtainable  it  was  transferred 
to  a  beaker  and  speedily  neutralized.  Appropriately  dilute  solutions  of 
potassium  hydroxid  or  sodium  hydroxid  were  used  for  the  peptic  mix- 
tures ;  of  hydrochloric  acid  for  the  trjrptic  filtrates.  When  it  was  necessary 
to  delay  the  process  of  exact  neutralization  a  slight  excess  of  the  neu- 
tralizing reagent  was  added  until  the  opposite  reaction  was  attained, 
when  the  mixture  was  allowed  to  stand,  until  final  neutralization 
could  be  effected,  without  danger  of  digestive  continuance,  because 
the  enzyme  was  thus  rendered  inactive  if  it  was  not  entirely  destroyed. 

After  the  filtrate  had  been  neutralized  exactly,  or,  if  the  reaction  was 
allowed  to  remain  slightly  acid,i  (when  the  maximum  amoimt  of  proteinate 
appeared  to  be  in  sight) ,  the  flocculent  mixture  was  set  aside  over  night 
for  sedimentation  of  the  fiakes.  It  was  then  filtered  on  a  weighed  paper; 
the  precipitate  was  washed  free  from  saline  matter,  then  dried  to  constant 
weight  at  1 10®  C.  and  weighed. 

Combined  proteoses  and  peptones  were  estimated  by  diflFerence.  The  sum 
of  the  weights  of  the  residue  and  proteinate  subtracted  from  the  weight 
of  the  protein  originally  taken  gave  figures  closely  representing  the  com- 
bined amounts  of  proteoses  and  peptones.  In  several  experiments  (in 
which  proteinate  was  not  formed)  a  given  proportion  of  the  filtrate  (10  c.c.) 
was  neutralized  and  added  to  350-500  c.c.  of  98  per  cent,  alcohol  for  the 
precipitation  of  proteoses.  The  latter  precipitates  were  filtered,  washed 
with  95  per  cent,  alcohol,  dried  at  zio^  C,  and  weighed.  The  results 
in  this  connection  were  not  important  enough,  however,  to  warrant  the 
extra  labor  of  incinerating  the  products  for  determination  of  the  propor- 
tions of  organic  matter  in  them. 

C — Quantitative  Results  of  the  Experiments. 
I  ^-Comparative  Peptolysis. 

Types  op  Acid  Solutions  Employed. 

The  fact  that  pepsin  does  not  exhibit  digestive  power  in  the 
absence  of  a  dissociable  acid  or  acid  compound  implies  a  primary 
influence  of  the  hydrogen  ion  in  peptic  proteolysis.  It  has 
frequently  been  observed  that  various  acids  are  effective  factors 
in  peptolysis  though  in  different  degrees.  We  endeavored  to 
ascertain  whether  the  action  of  pepsin  in  a  hydrionic  solution 
is  dependent  upon  only  one  type  of  ion,  t.^.,  hydrion  (H*),  or 
whether  it  is  markedly  influenced,  also,  by  the  associated  anions 
(or  molecules  or  both) .  Accordingly  we  studied  peptic  proteoly- 
sis in  acid  solutions  of  the  following  general  types:  (i)  equi- 

>  Hawk  and  Gies,  loc,  dt. 
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percentage,   (a)  eqmtnolecular,    (3)  equinonnai    (isohydrk),  and 
(4)  eqvddissocialed  {isohydrionic) . 

Summaries  AND  Discussions  OP  thb  Rbsui.ts. 

The  results  of  the  peptolytic  experiments  are  summarized  is 
the  following  tables,  (pages  502-336),  where  the  descriptiw 
headings  make  evident  all  the  special  experimental  details  of 
each  series.  The  particular  digestive  results  are  considered  in 
connection  with  each  group  of  summaries.  A  discussion  of  the 
general  results  is  undertaken  on  page  $3$. 

ExpERiuBNTS  1-4.  With  Equi percentage  Acid  Soldtioss. 

Conditions  of  the  experiments.  AU:  Pepsin — D.  Tanpen* 
ture — 40"  C. 

lands.  First  series — with  fibrin  (A).  Pepsin — 10  mgs.(ai 
c.c,  of  a  10  %  solution).  Digestive  periods — 4  hours.  Neutral- 
ization— I  hour  after  filtration  was  started.  [In  this  and  all 
other  summaries,  "R"  signifies  residue;  "N.P.,"  neutralizadoo 
precipitate;  "P.P.,"  combined  proteoses  and  peptones.] 
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J  and  4.  Second  series — with  dastin.  Pepsin — 400  mgs. 
(dry).  Digestive  periods — 7  hours.  Precipitation  with  alcohol — 
15  minutes  after  filtration  was  started. 
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Avtragt  digestivt  stqu^nct  (1-4): 

Fibrin  (1-2):  HydrochUiric  and  phosphoric;  nitric,  chloric,  oxaUe, 

sulfuric,  arscDic,  acttic. 
Elastin  (3-4):  Hydrochloric;  sulfuric  and  phosphoric;  arsenic  and 
oxalic;  nitric,  chloric,  acetic. 
On  the  simple  solubility  of  the  protein  products  in  the  equipercentage 
acid  solutions  used  in  exp.  1-4.     Elastinisonly  slightly  soluble  in 
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ilute  acid  at  ordinary  temperatures.^  Our  digestive  restdts 
with  elastin  (experiments  3  and  4)  could  not  have  been  materially 
affected  by  the  slight  simple  solvent  action  exerted  by  the  adds 
alone.  The  same  may  be  said  of  our  data  for  fibrin  (experiment 
I  and  2),  as  the  results  in  the  following  T6sum6  will  show. 

Special  experiment  to  determine  the  solvent  action  on  fibrin 
of  the  equipercentage  acids  used  in  experiments  1-4.  Condi- 
tions of  the  experiment:  Fibrin — ^A;  amount — i  gram.  Temper- 
ature— 40**  C.  Period  of  exposure  to  the  action  of  the  acids--4 
hours.     Neutralization — i  hour  after  filtration  was  started. 

Add.  Hydro-  Chloric  Nitric.    Sul-      Pbos-      Ar-     Acetic  OuB& 

chloric  furic.   x>horic.    senic 

Fibrin  residue  (mgs.)       961       981      976     992     980      989      956     9S2 

Neutralization  pre- 
cipitate (mgs.)  14         10         6         6       17  7  4        6 

Substance  unrecov- 
ered  (mgs.)  25  9       18         3         3  4        40       12 

These  results  made  it  evident  that  no  corrections  of  our 
digestive  results  were  necessary  on  account  of  the  slight,  simple 
solubility  of  the  proteins  in  the  acids  themselves.  If  such 
corrections  had  been  made,  however,  in  every  instance,  none  of 
the  conclusions  drawn  from  our  results  would  have  been  different 

Special  digestive  results  of  the  experiments  with  equipercentagt 
acid  solutions.  In  experiments  1-4  wide  quantitative  digestive 
differences  were  observed  in  each  group.  The  proteolytic 
sequence  was  different  for  each  protein,  although  both  proteins 
digested  most  in  hydrochloric  acid  and  phosphoric  acid,  and 
least  in  acetic  acid.     Peptolysis  was  clearly  unequal. 

Digestion  of  fibrin  was  particularly  tardy  in  the  sulfuric, 
arsenic,  and  acetic  acid  solutions.  Elastin  was  not  rapidly 
digested  in  any  of  the  solutions,  but  was  transformed  somewhat 
more  slowly  in  the  acetic  acid  solution  than  in  the  others.  There 
was  a  particularly  marked  difference  in  the  peptolytic  efficiencies 
of  sulfuric,  arsenic,  nitric,  and  chloric  acids  in  the  digestion  of  the 
two  protein  products  employed;  elastin  digesting  relatively; more 
readily  than  fibrin  in  sulfuric  and  arsenic  acids  but  less  rr 
in  nitric  and  chloric  acids.  Oxalic  acid  was  about  the  same  in 
each  series  in  effecting  a  medium  rate  and  extent  of  peptolysis. 
Acetic  acid  was  also  the  same  in  each  series  in  showing  the  least 
tendency  to  co-operate  with  the  pepsin.     In  each  series  peptolysis 

*  Richards  and  Gies,  loc.  cit.,  p.  104. 
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was  relatively  speedy  and .  complete  in  the  hydrochloric  and 
phosphoric  acid  solutions. 

A  very  conspicuous  difference  in  the  digestion  of  fibrin  was 
manifested  in  the  solutions  o£  phosphoric  and  sulfuric  acids, 
which  were  practically  the  same  in  percentage,  molecular,  and 
hydrion  concentrations.  This  disagreement  was  seemingly  due 
to  divergent  effects  of  the  different  anions  {and  probably  also 
the  molecules)  involved.  The  disagreements  throughout  each 
series  were  doubtless  due  largely  to  these  same  influences.  In 
the  digestion  of  elastin  no  such  special  quantitative  disagreement 
between  the  influence  of  phosphoric  and  sulfuric  acids  was 
observed.  Sulfuric  acid  like  phosphoric  acid  was  almost  as 
efficient  as  hydrochloric  acid  in  the  digestion  of  elastin. 

Additional  data  which  show  that  the  foregoing  results  are  not 
peculiar  to  the  particular  percentage  concentration  employed 
are  given  on  page  526. 
Experiments  5-8.    With  EguiHOLECULAR  Acid  Solutions. 

Conditions  of  ike  experiments.  AU:  Pepsin — D.  Tempera- 
ture— 40**  C. 

5  and  6.  First  series — ^with  fibrin  (A).  Pepsin — 10  mgs. 
(o.i  c.c.  of  a  10  %  solution.)  Digestive  periods — 4  hours. 
Neutralization — i  hour  after  filtration  was  started. 
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7  and  8.  Second  series — ^with  elasdn.  Pepsin — 400  mgs. 
(dry) .  Digestive  periods — 7  hours.  Precipitation  with  alcohol— 
15  minutes  after  filtration  was  started. 


A 

Weights 

of 

Relative 

Aciii. 

ution. 

P 
R 

roduct 
P 

8. 

Peptolysis. 

Sequenoc 

Concent! 

P. 

R 

P.P. 

Pi». 

H* 

, 

mol 

X 

% 

mgs 

Total 
mgs 

Pre- 
cip'd 

Total 

Pre- 
cip'd 

R 

Nature. 

gram- 

atomii 

per 

1000 

To-Pre- 

HCl  product 
equals              | 

mgs 

tal     ■ 

cip'd 

liters 

10  1 

100  I 

100    { 

: 

Hydxocbloric 

30 

0.12 

32 

403 

7- 
597 

10 

100 

4 

4     — 

Chloric 

30 

0.28 

32 

459 

541 

--• 

11 

91 

^_ 

6 

6     — 

Nitric 

30 

0^1 

82 

467 

533 

— 

12 

89 

^__ 

7 

7     — 

Stdforic 

80 

0.33 

43 

336 

664 

— 

8 

111 

1 

1     — 

Pho8i>horic 

30 

0.33 

40 

365 

685 

—• 

9 

106 

__ 

2 

2     — 

Arsenic 

80 

0.47 

39 

397 

603 

— 

10 

101 

^_ 

3 

3     — 

Acetic 

80 

0.20 

1 

613 

387 

— 

15 

65 

1 

8 

8     — 

Oxalic 

30 

0.30 

22 

408 

592 

8. 
660 

10 

99 

*'^"~ 

6 

5     — 

Hirdrochlonc 

30 

0.12 

32 

340 

330 

10 

100 

100 

1 

1     3 

Chloric 

80 

0.28 

32 

444 

556 

220 

13 

84 

67 

7 

7     8 

Nitric 

80 

0.21 

32 

411 

589 

290 

12 

89 

88 

6 

0     5 

Sulfuric 

30 

0.33 

43 

347 

653 

710 

10 

99 

21« 

2 

2     1 

Phosphoric 

30 

0.88 

40 

365 

635 

320 

11 

96 

07 

3 

3     4 

Arsenic 

80 

0.47 

39 

379 

621 

280 

11 

94 

85 

4 

4     6 

Acetic 

80 

0.20 

1 

578 

422 

270 

17 

64 

82 

8 

8     7 

Oxalic 

80 

0.80 

22 

397 

603 

620 

12 

91 

188 

6 

5     S 

Average  digestive  sequence  (5-8): 

Fibrin  (5-6):  Phosphoric  and  hydrochloric;  chloric  and  oxalic;  nitric, 

arsenic,  sulftiric,  and  acetic, 
£lastin(7-8):  Sulftiric, phosphoric,  and  hydrochloric;  axsenic,  oxalic, 

nitric,  and  chloric;  acetic. 

Special  digestive  results  of  the  experiments  with  the  equimolectdar 
acid  solutions.  Most  of  the  foregoing  statements  about  the  data 
of  our  experiments  (1-4)  with  the  eqtiipercentage  acid  solutions 
are  true  of  the  results  of  the  experiments  (5-8)  with  the  equi- 
molecular  solutions.  In  the  latter  solutions  the  concentration 
of  the  hydrochloric  acid  was  less  than  in  the  solutions  of  experi- 
ments 1-4;  of  the  nitric  acid  and  acetic  acid  solutions  the 
concentrations  were  practically  the  same  as  before ;  and  in  the 
remaining  solutions  the  strength  of  the  particular  acid  -was  some- 
what greater  than  in  the  first  four  experiments.  Simple  solu- 
bility effects  were  practically  the  same  as  for  experiments  1-4^ 

The  digestive  conditions  of  each  type  of  experiment  with  the 


William  N.  Berg  and  William  J.  Gies  507 

equipercentage  solutions  were  duplicated  in  those  with  the 
equimolecular  mediums.  On  comparing  the  tabulated  data 
for  both  kinds  of  solutions  it  is  obvious  that  the  quantitative 
and  sequential  restilts  recorded  in  the  summaries,  especially  in 
connection  with  fibrin,  varied,  to  some  extent  at  least,  with 
the  changes  of  hydrion  (H*)  concentration.  The  more  vigorous 
digestions  of  fibrin,  for  example,  in  the  arsenic  acid  and  oxalic 
acid  solutions  of  -jj^  strength  illustrate  the  beneficial  effects  of 
increasing  the  concentration  of  hydrion.  Digestion  in  the  acids 
of  unchanged  concentration,  i.  e,,  nitric  and  acetic  acids  was 
practically  the  same  for  each  protein.  In  the  hydrochloric  acid 
solutions  of  experiments  5-8,  proteolysis  was  only  slightly  re- 
duced although  the  concentration  of  hydrogen  cations  was  greatly 
diminished,  as  compared  with  that  of  the  solutions  used  in  ex- 
periments 1-4.  The  extreme  quantitative  differences  that  were 
noted  among  the  results  of  the  experiments  in  the  equipercentage 
acid  solutions  were  duplicated  in  a  measure  in  experiments  5-8. 

Additional  results,  obtained  at  different  planes  of  molecular 
strength  and  which  confirm  the  observations  of  experiments  5^ 
are  exhibited  on  page  527. 

On  the  simple  solubility  of  fibrin  in  the  equinormal  (isohydric) 
acid  solutions  used  in  experiments  ga-iS,  Some  of  the  experiments 
in  the  isohydric  acid  solutions  were  among  our  first.  At  an  early 
stage  in  our  work  we  ascertained  that  practically  all  of  the  fibrin 
was  recoverable  from  the  isohydric  acid  solutions  when  pepsin 
was  absent.  We  found  that  the  amounts  of  neutralization 
precipitate  were  comparatively  slight;  that  they  were  least  in 
the  strongest  acid  solutions  employed,  apparently  because  of  the 
greater  solvent  action  of  the  salts  formed  on  neutralization.* 
The  following  results  of  some  special  experiments  in  this  con- 
nection illustrate  the  data  upon  which  the  above  conclusions  rest: 

A.  Fibrin  (B) — i  gram.  Temperature — 40°  C.  Period  of 
exposure  to  the  acids  (100  c.c.) — 4  hotu's. 

Add.  Weight  ot 

Recovered 
Substance. 
Gram. 

Nitric,  ^ 1.012 

Arsenic,  ^^ 1.017 

>  Hawk  and  Gies,  loc.  cit.,  p.  487. 
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B.  Acid — hydrochloric  (loo  c.c.)  Fibrin  (A) — i  gram. 
Temperature — 40°  C.  Period  of  exposiire  to  the  acid — ij  hour. 
Neutralization — i  hour  after  filtration  was  started. 

Concentration ^'      ^      ^ 

Neutralization  precipitate  (mgs.) 32     26     12 

On  the  swelling  of  fibrin  and  edestin  in  the  equinormal  (isohydric) 
acid  soltiiiofts.  The  bloating  effects  of  acids  on  particles  of  fibrin 
and  other  proteins  is  well  known.  We  have  made  note  of  such 
expansive  results  in  these  experiments.  The  following  statements 
apply  especially  to  our  data  in  this  connection  for  the  isohydric 
solutions. 

The  elastin  particles  did  not  increase  in  bulk  perceptibly  in 
any  of  the  acids  with  which  they  were  treated.  The  edestin 
particles  were  promptly  swollen  by  four  of  the  acids  in  which 
there  were  digested,  apparently  in  the  order,  and  proportional 
to  the  extent,  of  their  hydration  in  the  same  acids,  as  follows: 
hydrochloric,  chloric,  nitric,  and  oxalic.  It  required  nearly 
4  hours'  contact  with  sulfuric  acid  for  the  edestin  particles  to 
show  perceptibly  a  swollen  aspect. 

The  most  decided  effects  in  this  connection  were  exhibited  by 
fibrins  A  and  C  {unboiled  products).  Swelling  was  usually 
rapid  and  pronounced  in  each  of  the  acids  except  citric, 
sulfuric,  and  acetic.  Even  under  the  most  favorable  conditions 
of  concentration  of  both  acid  and  enzyme,  and  during  the  longest 
periods,  in  these  experiments,  sulfuric  acid  and  acetic  acid  rarely 
gave  any  evidence  whatever  of  a  bloating  influence  on  the  fibrin 
particles.  Under  favorable  conditions,  however,  citric  acid 
always  caused  decided  swelling.  Even  in  the  experiments  in  which 
fibrin  was  markedly  digested  in  sulfuric  acid  or  acetic  acid, 
enlargement  of  the  fibrin  particles  did  not  appear  to  pre- 
cede hydration.  Boiled  fibrin  (B)  was  more  resistant  to  the 
expanding  influence,  even  in  hydrochloric  acid,  than  the  unboiled 
fibrin. 

Swelling  of  the  fibrin  was  always  prompt  in  the  acids  in  which 
digestion  occurred  rapidly.  In  some  of  the  experiments, 
notably  in  9a  and  10,  swelling  was  most  decided  in  arsenic  acid. 
In  others,  swelling  was  usually  as  decided  in  arsenic  as  in  hy«iro- 
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chloric  acid,  but  not  more  so.  In  experiments  9a  and  10  the 
amotmts  of  enzyme  present  were  relatively  large,  the  periods  of 
digestion  were  proportionately  long  and  peptolysis  in  nearly  all 
the  acids  of  each  series  was  comparatively  extended. 

It  seems  probable  that  the  anion  of  the  acid  is  an  important 
factor  in  bringing  about  an  increased  bulk  of  the  fibrin  particles. 
That  there  is  a  relation  of  some  kind  between  the  swelling  and 
peptolysis  of  fibrin  (and  other  proteins  similarly  swollen  by  com- 
paratively dilute  acid)  has  also  been  suggested  by  our  results. 
There  is  probably  some  significance  in  the  fact  that  the  elastin 
particles,  which  did  not  increase  in  bulk  in  any  of  our  acid 
solutions,  were  digested  quite  as  well  in  sulfuric  acid,  which  is 
conspicuously  devoid  of  a  swelling  effect  on  fibrin,  as  in  any 
other,  and  almost  as  well  in  acetic  acid,  which  has  even  less 
bloating  influence  than  sulfuric  acid  on  fibrin. 

In  a  general  way  promptness  and  extent  (to  the  maximtmi) 
of  the  swelling  process  were  exhibited  in  our  isohydric  acid 
solutions  in  approximately  the  following  sequence:  arsenic, 
hydrochloric,  chloric,  nitric,  phosphoric,  hydriodic,  oxalic, 
lactic,  tartaric,  citric,  sulfuric,  and  acetic.  It  is  possible  that 
this  sequence  is  ordered  by  the  digestion  that  begins  about  the 
time  or  perhaps  before  the  swelling  manifests  itself.  The  amount 
of  enzyme  present  seems  to  be  a  matter  of  importance  in  this 
connection.     See  remarks  on  page  5^2. 

Special  digestive  results  of  the  experiments  with  the  equinormal 
(isohydric)  acid  solutions.  In  the  experiments  with  equipercentage 
and  equimolecular  acid  solutions  the  conditions  for  each  group  of 
experiments  were  kept  uniform  in  order  particularly  to  insure 
definite  digestive  results  at  the  two  different  add  concentrations 
employed  with  each  protein.  In  experiments  9a  to  16  inclusive 
the  conditions  were  varied,  however,  with  special  reference  to  the 
concentrations  of  acid  and  enzyme  and  the  length  of  digestive 
period.  The  following  facts  were  clearly  established  for  fibrin 
in  this  connection: 

The  greater  the  active  amoimt  of  pepsin  and  the  longer  the 
period  of  digestion  of  fibrin  in  equinormal  acid  solutions,  the 
more  nearly  uniform  the  ultimate  quantitative  results  became. 

Even  tmder  the  most  favorable  circumstances  for  the  attainment 
of  quantitative  equality  of  peptolysis  in  all  respects  in  such  acid 
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solutions,  however,  digestion  in  slightly  dissociable  acids  such 
as  acetic  and  citric  ("weak  acids")  was  relatively  slow  and 
incomplete.  The  acids  in  which,  under  the  most  favorable 
uniform  conditions,  peptolysis  of  fibrin  tended  to  be  the  speediest 
and  most  complete,  were  in  general,  those  that  dissociate  to  tk 
highest  degree  ("strong  acids"). 

The  greatest  peptolytic  disparities  were  shown  in  the  experi- 
ments in  which  comparatively  small  amounts  of  pepsin  were 
used  (11-14).  If  peptolysis  is  stopped  in  such  solutions  before 
it  approximates  completeness  in  any  member  of  a  group,  perhaps 
the  most  definite  expressions  of  the  relative  co-operative  activities 
of  pepsin  and  the  acids  are  afforded. 

Experiments  ga-iS.     With  Equinorual  (Isohydric)  Acid 
Solutions. 

Conditions    of    the    experiments.     All:    Temperatnre — 40"  C 
pa — 14.    First    series.    Fibrin — A.      Pepsin — A;  amounu— 

different.     Digestive  periods — 4  hoiu^.     Neutralization — 1  hour 

after    filtration    was   started. 


Acid. 

ssis.- 

pSS. 

Sequeoc. 

R 

HV. 

V.V- 

R    1  NJ».  1  P.P. 

HCl  product 

no] 

%  sss; 

m«i 

mgi 

mgi 

squab 

K 

iiG% 

10 

100 

100 

1 

1 

9  a.     Pe 

3sin- 

—100  mgs 

{0,4  c.c.  of  a 

35%  solution) 

030      M 

5        40      029 

10       00      160 

3 

5   ! 

J  J 

Citrie 

30 

0.64        S 

S47          S      044 

99        M         70 

oujic  acid  wu  obUlned  by 
that  dilutioD  have  been  detenziiried.     T 
(•  certainly  cloMly 
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R     I  N  P- 1  P.P. 


9  b.  Pepsin 

- 

100 

mgs 

(0.8  CO.  of  a  as%  solution). 

Acetic                         10     0.60 

1        728        5        267        - 

_-     _ 

— 

— 

— 

10.     Pepsin 

—50  mgs. 

(0.2  c.c.  of  a  25%  solution). 

Compare 

with  16. 

0.36 

3.^        70      89S          0 

100    100 

0.84 

61        75      864          7 

107        97 

4 

o.a3 

93 

86        68      846        25 

07        95 

6 

0.49 

13S        06      806        30 

80        90 

7 

40 

60      103 

Anmie                 30 

0147 

39 

68        44      S6S        10 

63        09 

8 

L^ic                   10 

0.B0 

199        22      770        S7 

31        87 

9 

Acetic                   10 

S76          3      121      2S0 

11 

1 

Oxalic                   SO 

Tutarie                20 

07S 

162        18      830        43 

26        03 

8 

Citric                     30 

0.84 

5 

399        10      591      114 

14        66 

10 

I 

10 

II.     Pepsin 

—10  mgs. 

(0.1  C.C.  o£  a  10%  solution). 

Co 

mp. 

ire 

with  15. 

0.18 

48 

33        64      903        10 

100      100 

I 

Mydnodic            30 

64 

40 

S7        03      SSO        17 

4 

s 

Nitric                 aO 

48 

45        87      868        14 

136     e« 

3 

3 

Sulfuric                40 

( 

34 

ZM        67      685        78 

89        76 

6 

42        56      902        13 

24 

273        77      651        S3 

8 

Aeet«!''                 M 

( 

30 

1 

039          4        57      2M 

6          6 

8 

8 

Oxalic                   40 

0 

S3 

17 

69        60      862        21 

108       95 

5 

4 

...     Pepsin- 

-S  mgs.  (o.i  C.C.  of  a  5%  solution). 

Hydrochloric       40 

0.09 

24 

40      201      750        10 

100      100 

1 

Hvdriodif-            40 

t.S2 

1*8      103      740        37 

51      »e 

S 

8 

8 

Chloric                  40 

131        85 

3 

3 

Anenic               120 

oiia 

Ifl 

830          8      163      208 

4        31 

LKtic                   40 

0,23 

2 

938          4        58      385 

3          8 

5 

S 

Citric                  130 

967          0        33      242 

6 

e 

6 

13  a.  Pepsin 

—4  mgs. 

0.2  C.C.  of  a  3%  solution). 

Hydrochloric       40 

0.09 

24 

49      219      733        10 

100      100 

1 

1 

1 

Nitric                   40 

98      194      70S        20 

89        97 

3 

a 

3 

Sulfuric                80 

0^12 

509        83      408      104 

38        56 

4 

Phosphoric         ISO 

0.08 

le 

82      213      706        17 

97        96 

9 

8 

Acetic                   40 

0.1s 

904          1          6      203 

6 

6 

OxtlK                  80 

628        39      333      12<I 

18        46 

S 

6 

« 

13  b.  Pepsin 

—8  mgs. 

0.4  C.C.  of  a  2%  solution). 

Hrdroctaloric       40 

aoe 

3* 

48        88      864       — 

—        — 

— 

— 

— 

14  a.  Pepsin 

—1.6 

rag. 

(0.2  C.C.  of  an  0.8%  solution). 

gjg^hlOTie      40 

0.00 

2* 

71      248      681         10 

100      100 

I 

I 

169      338      593        24 

96        87 

3 

3 

oil2 

644        84      272        01 

Ks^°^    ^« 

\f. 

16 

i  "^  S  ii 

H  1 

6 

6 

28        31 

6 

S 

14  b.  Pepsin — 3.2  mgs.  (0.4  c.c.  of  an  0.8%  solution). 


HTdrochloric       30      0.18 
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IS-16.  Second  series.  Fibrin — ^A  or  B.  Pepsin — A;  amounts 
—different.  Digestive  periods — different .  Neutralization— i 
hoiir  after  filtration  was  started. 


Acid. 

Weights  of 
ProducU. 

Relative 
Peptolysis. 

Sequence. 

Concentration. 

R    j  N.P. 

P.P. 

R 

N.P.     P.P. 

R 

mol 

X 

H- 

i 

mgs 

HCl  product 
equals 

gram- 

mgs 

mgs 

N.P.    P.P. 

Nature. 

% 

atoms 
liters 

10 

100 

100 

15.     Pepsin — 10  mgs.  (o.i  c.c.  of  a  10%  solution).      Fibrin— 
A.     Digestive  period — 2  hours.  Compare  with  1 1 . 

Hydrochloric 

Chloric 

Nitric 

StUfuric 

Phosphoric 

Arsenic 

Lactic 

Oxalic 

Citric 


B. 

Hydrochloric 

Chloric 

Nitric 

8ttlf\iric 

Phosphoric 

Arsenic 

Lactic 

Acetic 

Oxalic 

Tartaric 

Citric 


20 

0.18 

48 

74 

256 

670 

10 

100 

100 

1 

1 

3 

20 

0.42 

48 

139 

136 

725 

19 

53 

108 

3 

3 

2 

20 

0.32 

48 

212 

136 

652 

29 

53 

©7 

4 

4 

4 

40 

0.25 

84 

628 

64 

308 

85 

25 

46 

6 

6 

6 

80 

0.16 

25 

92 

180 

728 

12 

70 

109 

2 

2 

1 

80 

0.24 

25 

670 

60 

270 

91 

23 

40 

7 

7 

20 

0.45 

3 

830 

12 

158 

112 

5 

24 

8 

8 

8 

40 

0.23 

17 

301 

128 

571 

41 

50 

as 

5 

5 

5 

60 

0.32 

3 

954 

1 

45 

129 

0 

7 

0 

9 

9 

>sin 

50 

rags. 

(0.2 

C.C. 

of  a 

25% 

}  solution) 

• 

Fibrin— 

Dig 

estiv( 

I  period — 

■4  hours. 

Compare  with   10. 

10 

0.36 

94 

64 

63 

873 

10 

100 

100 

2 

1 

3 

10 

0.84 

93 

199 

36 

765 

31 

57 

88 

4 

4 

4 

10 

0.63 

93 

255 

26 

719 

40 

41 

82 

5 

6 

5 

20 

0.49 

61 

507 

8 

485 

79 

13 

56 

8 

10 

8 

30 

0.33 

40 

49 

43 

908 

8 

68 

104 

1 

3 

1 

30 

0.47 

39 

268 

30 

702 

42 

48 

80 

6 

5 

6 

10 

0.90 

4 

650 

14 

336 

102 

22 

38 

9 

9 

9 

10 

0.60 

1 

951 

2 

47 

149 

3 

6 

11 

11 

11 

20 

0.45 

29 

99 

54 

847 

16 

86 

97 

3 

2 

3 

20 

0.75 

6 

484 

20 

496 

76 

32 

57 

7 

7 

7 

30 

0.64 

5 

697 

15 

288 

109 

24 

33 

10 

8 

10 

17-18, 

Digestive 


Third  series,     Elastin.     Pepsin  (D) — 400  mgs.    (dry) 
periods — 7  hours. 


Acid. 


Nature. 


Concentration. 


mol 


H* 


gram- 
atoms 
per 
1000 
liters 


Weights  of 
Products. 


Relative 
Peptolysia. 


P.P. 


P.P.    .   _  .  


mgs 


mgs 


17- 


HCl  product 
equals 


.10 


100 


Sequence. 


R 


PP. 


Hydrochloric                 10 

0.36          94 

444 

556 

10 

100 

Sulfuric                          20 

0.49          61 

428 

572 

10 

103 

Phosphoric                    30 
Acetic                            10 

0.33          40 
0.60             1 

430 
537 

570 
463 

10 
12 

lOS 
83 

Oxalic                            20 

0.45           29 

441 

559 

10 

101 

1 8.     Repetition 

of  experiment 

T  *» 

Hydrochloric                 10 

0.36          94 

469 

531 

10 

100 

Sulfuric                          20 

0.49          61 

428 

672 

9 

108 

Phosphoric                    30 
Aoetie                          10 

0.33           40 

459 

541 

10 

102 

0.60             1 

548 

452 

12 

85 

Oxalic                           20 

0.45          29 

452 

548 

10 

103 

4 
1 
2 
6 
3 


4 
1 
3 
5 

2 


4 
1 
2 
6 
3 


4 
1 
8 

ft 
2 
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The  best  digestive  results  for  fibrin  in  the  isohydric  mediums 
were  usually  obtained  in  the  hydrochloric  acid  solutions.  Phos- 
phoric acid  was  almost  eqxially  favorable.  Digestion  in  sulfuric 
acid  solutions  was  comparatively  poor;  no  better  than  in  solutions 
of  arsenic  acid.  Oxalic  acid  was  more  helpful  than  either 
sulfuric  acid  or  arsenic  acid,  and  was  practically  equal  to  chloric, 
nitric,  and  hydriodic  acids  in  supporting  peptolysis.  Chloric, 
nitric,  and  hydriodic  acids  stood  next  to  hydrochloric  and 
phosphoric  acids  in  power  to  set  up  digestion.  Oxalic  acid 
was  more  favorable  than  any  of  the  other  organic  acids. 
Proteolysis  was  always  less  pronotmced  in  acetic  acid  than 
in  any  other  solution.  Tartaric,  lactic,  and  citric  acids,  in  the 
order  named,  occupied  positions  between  oxalic  and  acetic  acids 
in  power  to  sustain  peptolysis. 

The  average  order  of  peptolytic  efficiency  (on  fibrin)  of  the 
isohydric  acid  solutions  was  the  following:  Hydrochloric, 
phosphoric,  chloric,  nitric,  hydriodic,  oxalic,  arsenic,  sulfuric, 
tartaric,  lactic,  citric,  acetic.  This  sequence  was  not  the  order 
of  dissociation. 

Absolute  and  relative  rate  and  extent  of  peptolysis  of  fibrin  in 
a  given  series  of  these  acid  solutions  were  markedly  determined 
by  the  concentration  of  the  enzyme.  Thus,  when  considerable 
pepsin  was  present  in  the  isohydric  medium,  peptolysis  in  the 
oxaUc  acid  solutions,  for  example,  was  almost  equal  in  extent  to 
that  in  hydrochloric  acid  and  in  phosphoric  acid.  In  the  series 
in  which  only  relatively  slight  proportions  of  pepsin  were  present, 
proteolysis  in  the  oxalic  acid  solutions  was  no  more  extended 
than  in  the  sulfuric  acid  solutions. 

In  the  digestion  of  e/a5/in  (17-18)  the  results  in  this  connection, 
as  in  previous  ones,  were  more  nearly  uniform  than  for  fibrin. 
Although  elastin  was  digested  much  more  slowly  than  fibrin,  the 
degree  of  transformation  into  soluble  products,  even  in  acetic 
acid,  was  not  far  behind  that  which  occurred  in  the  acid  solution 
of  greatest  efficiency — sulfuric  add. 

The  average  sequence  exhibited  in  the  digestion  of  elastin  in 
the  isohydric  solutions  was  the  following:  sulfuric,  phosphoric, 
oxalic,  and  hydrochloric;  acetic.  The  differences  on  which  this 
sequence  is  ordered  are  very  slight,  especially  for  the  first  four 
acids  named. 
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The  inequality  between  fibrin  and  elastin  in  responsiveness 
to  the  action  of  pepsin  is  more  evident  in  these  particular  ex- 
periments than  in  any  others  reported  in  this  paper.  As 
before,  digestion  of  the  elastin,  in  contrast  "with  that  of  fibrin, 
was  relatively  pronoimced  in  the  sulfuric  acid  solutions.  The 
difference  between  fibrin  and  elastin  in  their  relative  degrees  of 
digestibility  in  acetic  acid  is  especially  noteworthy,  in  this  con- 
nection also. 

That  the  rates  of  digestion  in  all  these  experiments  were 
always  unequal  in  a  series  was  very  evident  to  us.  Even  when 
the  final  results  exhibited  fairly  close  equality,  the  rates  of 
progress  were  distinctly  tmequal.  Such  notes  as  the  following, 
quoted  directly  from  our  records,  accompany  practically  all  our 
results: 

Exp.  IS  "End  of  ist  hour — Digestion  rapid  though  luiequaUy 
so  in  HCl,  H3PO4,  HNO3,  and  HCIO3;  sequence  as  indicated. 
Distinct  though  gradual  in  oxalic,  H3ASO4  and  lactic,  and  seem- 
ingly that  order.  Very  slight  in  H2SO4  and  citric,  though  lack  of 
swelling  in  these  makes  judgment  uncertain.'* 

These  experiments  (9a — 18),  show  that,  under  uniform  diges- 
tive conditions  in  a  series,  peptolysis  of  fibrin  as  -well  as  of  elastin 
is  imequal  in  isohydric  acid  solutions.  That  extent  and  rate  of 
peptolysis  in  isohydric  solutions  of  acids  are  determined  by  a 
number  of  factors  is  evident.  Among  the  conditioning  influences 
exhibited  in  these  particular  experiments  were  character,  state, 
and  concentration  of  the  acid,  concentration  of  the  enzyme, 
duration  of  the  digestive  period,  and  character  of  the  protein 
indicator.  Elastin  behaved  differently  from  fibrin.  Fibrin 
that  had  been  coagulated  by  heat  (B)  was  not  only  more  resistant 
to  proteolysis  than  unheated  fibrin  (A),  but  its  resistance  to 
pepsin  in  the  various  acid  solutions  was  irrelative.  (Compare 
with  experiments  10  and  16). 

On  the  simple  solubility  of  fibrin  in  the  equidissociated  {isohy- 
drionic)  acid  solutions  used  in  experiments  ig-45.  That  our  results 
with  the  isohydrionic  acid  solutions  were  not  materially  affected 
by  the  solvent  action  of  the  acids  on  the  proteins  in  the  absence 
of  pepsin  is  apparent  from  the  following  data  of  some  special 
experiments  with  fibrin  in  this  connection: 

A.     Isohydrionic  acids,  used  in  experiments  19-39   (100  c.c). 
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Fibrin  (B) — i  gram.  Temperatiire — 25®  C.  Period  of  exposure 
to  the  acids — 9  hours  (!)  Neutralization — 30  minutes  after 
filtration  was  started. 

Add.  Hydros       Chloric.       Nitric.       Sulfuric       Oxalic. 

diloric 

Residue  (mp:s.) 1005        1029        1014        1014         1017 

Neutralization    precipitate 

(mgs.) —  3  —  —  4 

The  amotmts  of  neutralization  precipitates  in  the  chlorid, 
nitrate,  and  sulfate  solutions  were  too  slight  for  gravimetric 
determination. 

B.  Same  acids  as  in  the  preceding  experiment  (100  c.c). 
Fibrin  (C) — i  gram.  Temperature — 2$°C.  Period  of  exposure 
to  the  acids — si  hours.  Neutralization  —  30  minutes  after 
filtration  was  started. 

Acid.  Hydro-       Chloric.       Nitric.        Sulfuric.         Oxalic. 

chloric. 

Residue  (m^.) 1009        1008        1012        1007  1003 

Neutralization  precipitate 

(mgs.) 4  4  2  1  7 

Experiments  19-45.    With  Equidissociated  (Isohydrionic) 

Acid  Solutions. 

^P-JP*  First  group  of  acid  solutions — Hydrion  (ff*)  concen- 
tration equal  to  that  ofao.ig%  hydrochloric  acid  solution  (at  25®  C.) . 

The  names  of  the  acids  and  data  bearing  on  their  concentrations 
are  stunmarized  below: 

Acid 

Hydrochloric  50  19  0.19 

Chloric  50  19  0.44 

Nitric  50  19  0.33 

Sulfuric  50  26  0.38 

OxaHc  50  12  0.77 

Conditions  of  the  experiments.  Each  series  diflEerent  in  one  or 
more  respects  from  all  the  others. 

IQ-2I.  First  series.  Pepsin — ^A;  amounts — different.  Fibrin 
— C.  Temperature — 25*'  C.  Digestive  periods — different  Neu- 
tralization— ^o  minutes  after  filtration  was  started. 


H' :  sram-atoms 
per  1000  liters 

md 

50 

19 

50 

19 

50 

19 

50 

26 

50 

12 

5i6 
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Add. 

Weigfats  of  Products. 

Relative  Pei>tolyais. 

Sequesot. 

R 

N.P. 

P.P. 

R 

N.P. 

PJ>. 

R 

Nature 

HCl  prodtact 
equals 

N.P. '  P  J». 

zngs 

mga 

mgB 

10 

100 

100 

19.     Pepsin — 300  mgs.(dry).     Digestive  period — 4  hours. 


HTdrocfaloric 

Chloric 

Nitric 

Sulfuric 

Oxalic 


18 
19 
21 
37 
10 


Trace 

4« 


(4 
«( 
44 


082 
081 
070 
063 
081 


10 
11 
12 
21 
11 


100 
100 

100 


—  100 


1  — 

3  — 

4  — 
6  — 

2  — 


20.     Pepsin — 200  mgs.(dry).     Digestive  period — 3  hours. 


Hydrochloric 

Chloric 

Nitric 

Sulfuric 

OxaUc 


14 
17 
22 
104 
16 


14 
8 

11 
8 

12 


072 
075 
067 
888 
072 


10 
12 
16 
74 
11 


100 
67 
70 
67 
86 


100 
100 
100 
01 
100 


1 
3 

4 
6 

2 


1 

4 
3 
6 

2 


1 
3 
4 
( 


2 

1 
4 
5 
3 


21.     Pepsin-IOC  mgs.(o.2  c.c.  of  a  50%  solution).       Digestive 
period — 2  hours. 


Hydrochloric 

Chloric 

Nitric 

Sulfuric 

Oxalic 


17 
30 
46 
268 
20 


10 
17 
18 
20 
13 


073 
063 
036 
703 
067 


10 
18 
27 
168 
12 


100 
170 
180 
200 
130 


100 
06 
06 
72 
00 


1 
8 

4 
5 

2 


6 
8 

2 
1 

4 


1 
8 
4 
5 
2 


22-23,  Secottd  series.  Pepsin — ^A;  amounts — different  Fi- 
brin— C.  Temperature — 25<»  C.  Digestive  periods — i  hour. 
Neutralization — 30  minutes  after  filtration  was  started. 


22.     Pepsin — 50  mgs.  (o.i  c.c.  of  a  50%  solution). 


Hjrdrochloric 

Chloric 

Nitric 

Sulfiiric 

Oxalic 


36 
153 
171 
652 

04 


136 
101 
113 
31 
118 


828 
746 

716 
417 
788 


10 
42 
47 
153 
26 


100 
74 
83 
23 

87 


100 
00 
86 
60 
05 


1 
8 

4 
5 

2 


1 

4 
3 
6 

2 


1 
3 
4 
6 
2 


23.     Pepsin— rio  mgs.(o.i  c.c.  of  a  10%  solution).     Compare 
with  26. 


Hydrochloric 

Chloric 

Nitric 

Sulfuric 

Oxalic 


78 
305 
304 
770 
224 


243 

137 

81 

10 

130 


070 
558 
525 
211 
637 


10 
30 
51 
100 
20 


100 
56 
33 

4 
57 


100 
82 
77 
31 
04 


1 
3 

4 
5 
2 


1 

3 

4 

5 

2 

24.     Pepsin — 5  mgs. (0.05  c.c  of  a  10%  solution).       Compare 
with  32. 


Hydrochloric 

Chloric 

Nitric 

Sulfuric 

Oxalic 


168 
400 
486 
780 
281 


264 

151 

00 

12 

138 


568 
440 
415 
100 
581 


10 
24 
20 
41 
17 


100 

57 

37 

5 

52 


100 
79 
73 
35 

102 


1 
3 

4 
6 
2 


1 

2 
4 
5 

3 
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Acid. 

Weights  of  Products. 

Relative  Peptolysis. 

Sequence. 

R. 

N.P. 

P.P. 

R 

N.P. 

P.P. 

R 

N.P. 

Nature 

HCl  product 
equals 

P.P. 

mgs 

xngs 

mgs 

10 

100 

100 

25.     Pepsin — 2.5  mgs. (0.05  c.c.  of  a  5%  solution). 


Hydrochloric 

Chloric 

Nitric 

Sxilfuric 

Oxalic 


229 
494 
637 
861 
411 


312 

162 

87 

8 

177 


459 
344 
276 
141 
412 


10 
22 
28 
37 
18 


100 

52 

28 

3 

67 


100 
76 
60 
31 
90 


1 
3 

4 
6 
2 


1 
3 

4 
6 
2 


1 
3 

4 
6 
2 


26-jo  Third  series.  Pepsin — different  preparations  (A  or 
D);  amounts — different  Fibrin — different  preparations  (A,  B, 
or  C.)  Temperature — ^250  C.  or  40^^  C.  Digestive  periods — 
different. 


26.  Pepsin  (A) — 10  mgs.(o.i  c.c.  of  a  10%  solution). 
Fibrin — B.  Temperature —  25°  C.  Digestive  period — 6  hours. 
Neutralization — 30  minutes  after  filtration  was  started.  Com- 
pare with  23. 


Hydrochloric 

Chloric 

Nitric 

Sulfiiric 

Oxalic 


320 
603 
679 
852 
543 


101 

40 

16 

4 

46 


579 

367, 

305 

144 

411 


10 
19 
21 
27 
17 


100 
40 
16 

4 
46 


100 
62 
53 
25 
71 


1 
3 
4 
5 
2 


1 
3 
4 
5 
2 


1 
3 

4 
5 
2 


27.  Pepsin  (A) — 10  mgs.(o.i  c.c.  of  a  10%  solution).  Fibrin — 
C.  Temperature — 40°  C.  Digestive  period — i  hour.  Neutral- 
ization— 30  minutes  after  filtration  was  started.. 


Hydrochloric 

Chloric 

Nitric 

Sulfuric 

Oxalic 


156 
305 
378 
573 
224 


247 
191 
156 
70 
171 


597 
504 
466 
357 
605 


10 
20 
24 
37 
14 


100 
77 
63 
28 
69 


100 
84 
78 
60 

101 


1 
3 

4 
5 

2 


1 
2 

4 
5 
3 


2 
3 

4 
5 
1 


28.  Pepsin  (D) — 0.12  mg.(o.o6  c.c.  of  a  0.2%  solution). 
Fibrin — ^A.  Room  temperature.  Digestive  period — ^20  days 
(Aug.  18 —  Sept.  7,  1906).  Neutralization — i  hour  after  fil- 
tration was  started. 


Hydrochloric 

213 

882 

405 

10 

100 

100 

1 

1 

1 

Chloric 

358 

290 

352 

17 

76 

87 

3 

8 

3 

Nitric 

626 

114 

260 

29 

80 

64 

4 

4 

4 

Sulfuric 

766 

10 

224 

86 

3 

55 

5 

5 

5 

Oxalic 

256 

356 

888 

12 

93 

96 

2 

2 

2 

Si8 
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Add. 

Weights  of  Products. 

Relative  Peptolysis. 

Sequence. 

R 

NJ>. 

P.P. 

R 

N.P.        P.P. 

R 

Nature. 

HCl  product 
equals 

NJ>.    PJ». 

1 

mgs 

mgs 

mgs 

10 

100 

100 

1 

1 

29.  Duplication  of  the  conditions  of  experiment  28,  except 
that  the  amotint  of  pepsin  was  0.012  xng.(o.o6  c.c.  of  a  0.02% 
solution). 


Hydrochloric 
Chloric 
Nitric  1 
Sulfuric 
Oxalic 


663 
897 


87 
25 


260 
78 


10 
14 


100 
29 


100 

31 


910 
864 


6 
23 


84 
113 


14 
13 


7 
26 


34 
46 


30.  HCl  controls  for  experiments  28  and  29.     No  pepsin. 

W^«v.»,i«r4^      JI803  19        178         —         —  —  —      —     - 

Hydrochloric       ^u        809  24         167  —  —  —  —      —     - 

31-34.  Fourth  series.  Pepsin — different  preparations  (B,  C, 
or  D);    amounts — different.      Fibrin — C;    amounts— different 

Temperature — 25®  C.      Digestive   periods — diflEerent.     Neutral- 
ization— 30  minutes  after  filtration  was  started. 

31.  Fibrin — i  gram.  Pepsin — B  (0.05  c.c.  of  a  concentrated 
glycerol  extract  of  gastric  mucosa).  Digestive  period — 4  hours. 
Compare  with  23. 


Hydrochloric 

Chlonc 

Nitric 

Sulfuric 

Oxalic 


91 
303 
486 
770 
223 


330 
219 
151 
28 
237 


679 
478 
363 
202 
540 


10 
33 
53 
85 
25 


100 
66 
46 
85 
72 


100 
83 
63 
35 
03 


1 
3 

4 
6 

2 


1 
3 

4 
5 
2 


32.     Fibrin — i  gram.  Pepsin  (C) — 5  mgs. (0.05  c.c.  of  a 
solution).     Digestive  period — i  hour.     Compare  with  24. 


Hydrochloric 

Chloric 

Nitric 

Sulfuric 

Oxalic 


168 
410 
500 
763 
272 


277 

131 

97 

16 

153 


555 
459 
403 
221 
575 


10 
24 
30 
45 
16 


100 

47 

35 

6 

55 


100 
83 
73 
40 

104 


1 
3 

4 
6 

2 


1 
3 

4 
5 

2 


1 
3 
4 

5 
2 

10% 


2 
3 

4 
5 
1 


33.     Fibrin — i  gram  .     Pepsin  (D) — 50  mgs.(o.i  c.c.  of  a  50% 
solution).     Digestive  period — i  hour. 

Hydrochloric  198         145         657  10         100         100  111 


Chloric 
Nitric 
Sulfuric 
Oxalic 


411 
473 
686 
254 


85 

66 

21 

121 


504 
461 
293 
625 


21 
24 
35 
13 


59 
46 
14 
83 


77 
70 
46 

95 


3 

4 
5 

2 


3 

4 
5 

2 


3 

4 
5 

2 


>  The  results  for  nitric  add  are  not  included  in  the  table,  because  they 
incorrect,  although  no  error  was  delected  in  obtaining  them.    The  figures  for 
residue    (R),    neutralisation  predpiute  (NJ*.),  and  combined  proteoses  and 
(PJ*.)  were  respectively  6ox  mgs.,  89  mgs.,  and  310  mgs. 


to  bs 
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Add, 

Weights  of  Products. 

Relative  Peptolysts. 

Sequence. 

R 

N.P. 

P.P. 

R 

N.P. 

P.P. 

R 

N.P. 

Nature 

HCl  product 
equsJs 

P.P. 

mgs 

mgs 

mgs 

10 

100 

100 

34.     Fibrin — 2  grains.     Pepsin  (D) — 50    nigs.(o.i    c.c.  of  a 
50%  solution).     Digestive  period — i  hour. 


Hydrochloric 

389 

372 

1239 

10 

100 

100 

1 

1 

2 

Chloric 

872 

187 

941 

22 

50 

76 

3 

3 

3 

Nitric 

1093 

139 

768 

28 

37 

62 

4 

4 

4 

Sulfuric 

1567 

30 

403 

40 

8 

33 

5 

5 

5 

OxaUc 

517 

206 

1277 

13 

55 

103 

2 

2 

1 

35^39'  Fifth  series.  Pepsin — different  preparations  (A,  C, 
or  D)  ;    amounts — different.       Indicator — edestin    or    elastin. 

Temperature — 2  5°C.     Digestive  periods — different. 

A.     Indicator — edestin. 

35.  Pepsin  (A) — ^lo  mgs.(o.o5  c.c.  of  a  20%  solution). 
Digestive  period — i  hour.  Neutralization — 30  minutes  after 
filtration  was  started. 

Hydrochloric 

Chloric 

Nitric 

Sulfuric 

Oxalic 

B.    Indicator — elastin. 


390 

360 

250 

10 

100 

100 

1 

1 

2 

447 

341 

212 

11 

95 

85 

3 

2 

a 

478 

322 

200 

12 

89 

80 

4 

3 

4 

684 

181 

135 

18 

50 

54 

5 

5 

5 

395 

255 

350 

10 

71 

140 

2 

4 

1 

Acid 

WcighU  of  Products.        Relative  Peptolysis. 

Sequence. 

R 

P.P. 

R 

P.P. 

R 

PJ>. 

Total 

Precip- 
iUted 

Total    1    Pr'cp'd 

ToUl 

Pre- 
cipit- 
ated 

Nature 

HCl  product  equals 

mgs 

mgs 

mgs 

10 

100 

100 

36.     Pepsin  (C) — 400  mgs. (dry).     Digestive  period — 7  hours. 


Hydrochloric 

77 

923 

10 

100 

— 

1 

1 

Chloric 

104 

890 

14 

97 

— 

8 

3 

Nitric 

110 

890 

— 

14 

96 

— 

4 

4 

Sulfuric 

90 

910 

— 

12 

99 

— — 

2 

2 

Oxalic 

121 

879 

16 

95 

— 

6 

6 

37.  Pepsin  (A) — 300  mgs. (dry).  Digestive  period — 7  hours. 
Precipitation  with  alcohol — 15  minutes  after  filtration  was 
started. 


H5rdrochIoric 

354 

646 

416 

10 

100 

100 

1 

1 

3 

Chloric 

480 

520 

370 

14 

80 

89 

5 

5 

4 

Nitric 

469 

531 

350 

13 

82 

84 

4 

4 

5 

Sulfuric 

366 

634 

452 

10 

98 

109 

2 

2 

1 

OxaUc 

405 

595 

452 

11 

92 

109 

3 

3 

2 

520 
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Acid. 

Weights  of  Products 

Rvlative  Peptolysis 

ScQuencf. 

P.P 

R 

P.P. 

R 

P.P. 

R 

mgs 

Total    Precip. 

Total  [Pr'cp'd 

Pr«- 

Nature 

ll.«»l>«^Vl 

HQ  product  equals 

Total 

apii- 
aied 

mgs 

mgs 

10 

100         100 

38.  Pepsin  (D) — 300  mgs. (dry).  Digestive  period — 7  hours. 
Precipitation  with  alcohol — 15  minutes  after  filtration  was 
started. 


631 

369 

90 

10 

100 

100 

0 

0 

690 

301 

100 

u 

82 

111 

4 

4 

730 

270 

140 

12 

73 

15G 

5 

.5 

620 

380 

— 

10 

103 

1 

1 

660 

340 

— 

11 

92 

— 

3 

3 

Hydrochloric 

Chloric 

Nitric 

Sulfuric 

Oxalic 

39.  Pepsin  (A) — 50  mgs.(o.2  c.c.  of  a  25%  solution).  Diges- 
tive period — 10  hours. 

Hydrochloric 

Chloric 

Nitric 

Sulfuric 

Oxalic 

40-45.  Second  group  of  acid  solutions — Hydrion  (//*)  con- 
centration  equal  to  that  of  a  0.09%  hydrochloric  acid  solution 
(at  250  C). 

The  names  of  the  acids  and  data  bearing  on  their  concentra- 
tions are  summarized  below:       • 


821 

179 

— 

10 

100 

— 

1 

1 

854 

146 

— — 

10 

82 

4 

4 

864 

136 

— 

11 

76 

5 

5 

823 

177 

^ 

10 

99 

2 

2 

851 

149 

— 

10 

83 

3 

3 

Acid 

Hydrochloric 
Sulfuric 
Phosphoric 
Oxalic 


H* :  gram-atoms 
per  1000  liters 

25 
25 
25 
25 


mol 

X 

39 
57 
60 
29 


0.09 
0.17 
0.16 
0.31 


Conditiom   of  the  experiments.     All:  Pepsin — ^D;  amounts — 
different.    Temperature — 25®  C. 
40-42.    First  series.    Fibrin — ^A  or  C;  amounts — different*. 

Digestive  periods — different. 


>  The  fibrin  was  not  perfectly  dry,  as  was  found  after  the  series  had  been  started* 
but  contained  96  mgs.  of  water  per  gram  of  material.  The  96  milligrams  were  acoordiatflf 
apportioned  among  the  products  in  order  to  make  comparison  with  the  remalniiuc  reeidti 
more  satisfactory. 
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Acid. 

Weighl 
R 

ts  of  Products. 

Relative  Peptolysis. 

Sequence. 

N.P. 

P.P. 

R 

N.P. 

P.P. 

R 

N.P. 

Nature 

HCl  product 
equals 

P.P. 

mgs 

nigs 

xngs 

10 

100 

100 

40.  Pepsin — 7.5  mgs.(o.o75  cc.  of  a  io%  solution).  Fibrin 
(C) — I  gram.  Digestive  period — 5  hours.  Neutralization — i 
hour  after  filtration  was  started. 


Hydrochloric                      162         314          524           10         100        100          1 
Sulfuric                               657         105          238           41           33          45         4 
Phosphoric                          320         280          400           20           89          76          3 
Oxalic                                  255         239          506           16           76          97          2 

1 
4 
2 
8 

1 
4 

2 

41.     Repetition  of  the  preceding  experiment  (40). 

Hydrochloric                      206         225          569           10         100        100          1 
Sulfuric                                704           61           235           34           27          41          4 
Phosphoric                          420         170          410           20           76          72          3 
Oxalic                                 318         168          514           15           75          90          2 

1 
4 
2 
8 

1 
4 
8 
2 

42.  Fibrin  (A) — 2  grams.  Pepsin — 50  mgs.(o.i  c.c.  of  a 
50%  solution).  Digestive  period — i  hour.  Neutralization — 
30  minutes  after  filtration  was  started.     Compare  with  34. 


Hydrochloric]  j 
Sulfuric         i 
Phosphoric' 
Oxalic  . 


1706 

57 

237 

10 

100 

100 

i 

1 

1 

1964 

11 

85 

11 

19 

15 

4 

4 

4 

1878 

25 

97 

11 

44 

41 

3 

2 

S 

1835 

12 

153 

11 

21 

65 

2 

8 

2 

43-45.  Second  series,  Elastin — i  gram.  Pepsin — 300  mgs. 
(dry).  Digestive  periods — 7  hours.  Precipitation  with  alcohol — 
15  minutes  after  filtration  was  started. 


Acid. 

Weighu  of  Products. 

Relative  Peptolysis. 

Sequence. 

R 

P.P. 

R 

P.P. 

R 

P.P. 

Total 

Precip- 
itated 

Total  1   Prc'p'd 

Total 

Pre- 

Nature 

HCl  product  equals 

ciplt- 
ated 

mgs 

xngs 

mgs 

.    10 

100 

100 

Hydrochloric 
Sulfuric 
Phosphoric 
Oxalic 


642 
639 
678 
666 


358 
361 
322 
334 


43 

160 
410 
200 
600 


10 
10 
11 
10 


100 

101 

90 

93 


100 
256 
125 
875 


2 

1 

4 
8 


44.     Repetition  of  the  preceding  experiment  (43). 


Hirdrochloric 
Sulfuric 
Phosphoric 
Oxalic 


585 

619 
599 
622 


415 
381 
401 
378 


150 
850 
190 
150 


10 
11 
10 
11 


100 
92 
97 
91 


100  1 

238  2 

127  3 

100  4 


2 
1 

4 
3 


1 
8 
3 

4 


4 
« 
8 
1 


8 
1 

9 
4 


45.     Repetition  of  experiments  43  and  44. 


Hydrochloric 
Sulfuric 
Phosphoric 
Oxalic 


637  363  —  10  100 

629  371  —  10  102 

603  397  —  9  109 

674  326  —  11  90 


3 
2 

1 

4 


8 
2 
1 

4 
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Swelling  effects  on  fibrin  in  special  experitnetUs  28,  2Q,  and  30. 
We  have  already  commented  upon  the  fact  that  the  swelling 
of  fibrin  in  our  isohydric  acid  solutions  was  never  uniform, 
either  in  rate  or  degree.  In  experiments  28,  29,  ajid  30  special 
opportimity  was  afforded  to  observe  gradual  diflEerences  in  bloat- 
ing effects  in  equidissociated  acid  solutions.  The  digestive 
period  for  each  experiment  was  20  days.  The  pepsin  amounted 
in  each  solution  of  one  series  (28)  to  0.12  mg.  and  in  each  solu- 
tion of  the  other  (29)  to  only  0.012  mg.  The  swelling  of  the 
fibrin  was  decidedly  unequal  both  in  velocity  and  extent  in 
each  series  of  acid  solutions.  Appended  is  a  summary  indicating 
the  order  of  swelling  observed  on  the  third  day : 

Experiments  28,  29,  30.  Equidissociated  acids  of  the  first 
group,  equal  in  H'  content  to  that  of  a  0.19%  solution  of  hydro- 
chloric acid.  The  sequence  of  expansive  effects  in  the  solutions 
of  the  three  experiments  is  indicated  below  by  the  names  of  the 
acids  with  the  corresponding  figures  for  pepsin  contents  given  in 
parenthesis,  the  greatest  swelling  having  occurred  in  the  first 
named  solution,  the  least  in  the  last  named. 

Third  day.  Hydrochloric  (0.12),  hydrochloric  {0.012),  hydro- 
chloric, containing  no  pepsin  (2  controls,  exp.  30),  oxalic  (o.ia), 
oxalic  (0.012),  chloric  (0.12),  chloric  (0.012),  nitric  (0.12),  nitric 
(0.012).  There  was  no  obvious  swelling  in  either  of  the  siilfuric 
add  mixtures.  A  wide  difference  was  observed  between  the 
bloating  effects  in  the  first  hydrochloric  (0.12)  and  the  second 
nitric  (0.012)  add  mixtures. 

The  above  sequence  was  also  the  apparent  order  of  digestioft  in 
the  same  acids  on  the  third  day.  The  same  sequence  in  each 
series  of  solutions  was  maintained  to  the  end  of  the  experiments. 
The  sequence  of  swelling  effects  shows  that  the  acids  differed 
greatly  in  their  bloating  influences  on  fibrin.  That  pepsin 
favored  the  swelling  is  obvious,  but  that  the  enzyme  helped 
it  unequally  and  in  the  order  of  digestion  in  the  acids  is  also 
evident. 

All  the  residues  continued  to  swell  and  increase  perceptibly 
in  bulk  imtil  about  the  8th  day.  That  the  pepsin  continued  to 
affect  the  swelling  perceptibly  diuing  this  time  was  indicated 
by  the  fact  that  in  all  the  solutions  containing  o.  1 2  mg.  of  the 
pepsin  preparation  the  fibrin  residue  bloated  more  rapidly  than 


>  . 
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in  the  corresponding  solution  containing  only  0.012  mg.  The 
changes  in  the  volumes  of  the  residues,  i.  e,,  both  the  swelling  to  a 
maximtun  and  subsequent  subsidence  due  to  digestion  were 
most  rapid  in  the  hydrochloric  acid,  and  least  rapid  in  the 
sulfuric  acid,  in  the  order  given  above  for  the  acids.  The  resi- 
dues in  the  solutions  containing  0.012  mg.  of  the  pepsin  pre- 
paration were  still  swelling  slowly  after  the  residues  in  the 
solutions  containing  0.12  mg.  of  it  had  previously  swollen  to 
their  maximal  bulks,  and  were  decreasing  in  mass  as  a  result  of 
their  digestion. 

The  intensity  of  coloration  of  the  clear  supernatant  liquids 
varied  with  the  differences  in  swelling.  The  solutions  above 
the  fibrin  masses  that  were  most  swollen  were,  in  general,  a  little 
more  deeply  colored  than  those  above  the  fibrin  masses  that  were 
least  swollen.  The  chloric  acid  (0.12)  solution  was  colored  more 
deeply  than  any  other,  but  the  color  was  different  in  character 
from  that  of  the  others — a  pinkish  tinge  having  characterized  it. 
The  oxalic  acid  (0.12)  solution  was  slightly  cloudy;  all  the  rest 
were  clear. 

The  essential  points  in  our  observations  in  this  connection  are 
indicated  above.  We  intend  to  repeat  the  experiments  under 
various  conditions  and  to  discuss  the  significance  of  the  results 
after  more  data  have  been  accumulated.  A  definite  relation 
between  the  swelling  and  the  digestion  of  fibrin  was  indicated. 
See  remarks  on  page  508. 

Special  digestive  results  of  the  experiments  with  the  isohydrionic 
acid  solutions.  The  results  of  the  experiments  in  equipercentage, 
equimolecular,  and  eqtiinormal  acid  solutions  agreed  in  indic- 
ating that  peptolysis  depends  largely  upon  the  concentration  of 
the  hydrogen  cation,  but  that  it  is  also  markedly  affected  by  the 
associated  anions  or  molecules,  or  both.  An  attempt  was  made 
to  study  these  effects  directly  in  the  equidissociated  acid  solutions 
that  were  used  in  experiments  19-45.  These  experiments  were 
performed  under  many  different  conditions,  with  the  results 
summed  up  below. 

Decided  quantitative  differences  were  observed  in  both 
groups  of  isohydrionic  solutions,  especially  when  the  periods  of 
digestion  were  short  and  the  concentrations  of  pepsin  relatively 
slight.     The  larger  the  active  proportion  of  pepsin  and  the 
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longer  the  period  of  digestion  of  fibrin,  or  elastin,  the  nearer 
the  peptolytic  results  approached  quantitative  equality.  Wide 
quantitative  differences  were  exhibited  in  two  series  of  prolonged 
digestions  through  the  agency  of  very  slight  proportions  of  pepsin. 
Different  preparations  of  pepsin  and  different  amounts  of  protein 
yielded  quantitative  peptolytic  results  of  the  same  generally 
divergent  character. 

The  nature  of  the  protein  was  an  important  determinant  of 
the  rate,  extent,  and  quality  of  peptolytic  change  in  the  isohy- 
drionic  acid  solutions  employed  and  under  the  given  conditions 
of  the  experiments.  The  nearest  approach  to  quantitative 
equality  of  peptolysis  in  the  same  solutions  under  various  condi- 
tions was  exhibited  in  the  digestions  of  elastin. 

The  usual  digestive  sequence  in  the  isohydrionic  acid  solutions 
was  the  following: 

A.  Five  acids  approximately  equal  in  hydrion  concentration 
to  that  of  0.2  per  cent,  HCl: 

a.  With  fibrin  or  edestin  —  Hydrochloric,  oxalic,  chloric, 
nitric,  sulfuric. 

b.  With  elastin — Hydrochloric  and  sulfuric;  oxalic;  chloric 
and  nitric.^ 

The  observed  uniformity  of  these  sequences  in  the  many 
experiments  performed  is  a  very  striking  fact. 

B.  Four  acids  approximately  equal  in  hydrion  concentration 
to  that  oto.i  per  cent.  HCl: 

a.     Fibrin — Hydrochloric,  oxalic,  phosphoric,  sulfuric. 


1  The  quantitative  results  of  the  four  experiments  with  elastin  in  the 
equidissociated  acid  solutions  that  were  approximately  equal  in  hydrion 
concentration  to  that  of  0.2  per  cent.  HCl  exhibited  closer  agreement 
than  those  obtained  in  the  digestion  of  fibrin  and  edestin.  This  fact 
is  shown  below,  where  the  figures  for  the  total  amounts  of  residues  and 
dissolved  portions  of  elastin  for  each  acid  in  experiments  36-39  are 
summarized: 


Acid.  Hydro-  Sulfuric  Oxalic  Chloric*  Nitric. 

chl(Mic. 

Residue  (mgs.) 1883        1899  2037  2137  2137 

Matter  in  solution  (mgs.)..     2117        2101  1963  1863  1827 
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b.     Elastin — Hydrochloric,  phosphoric,  sulfuric,  oxalic.^ 
That  peptolysis  does  not  bear  a  simple  relation  to  hydrion  (H.) 
concentration,  but  that  several  factors  influence  it  in  every  case, 
is  very  evident.     The  remarks  made  at  the  conclusion  of  the 
preceding  section  would  be  just  as  appropriate  here. 

General  Results  op   Experiments  1-45  on  Peptolysis. 

Equipercentage  data.  The  results  of  experiments  1-4  make  it 
very  evident  that  peptolysis  is  unequal  both  in  rate  and  extent 
in  a  given  group  of  acid  solutions  of  equipercentage  strength.  In 
such  solutions  both  rate  and  extent  are  different  for  different 
proteins.  That  these  conclusions  are  correct  for  probably  all 
percentage  planes  of  concentration  is  suggested  by  the  data  for 
fibrin  in  the  accompanying  summary  (page  526),  which  presents 
a  few  representative  results  of  the  many  obtained  in  our  ex- 
periments with  isohydric  acid  solutions.  Although  the  various 
solutions  in  a  series  were  seldom  exactly  the  same  in  their  pro- 
portional contents  of  acid  (as  the  figures  in  the  second  column 
show),  their  strength  was  so  nearly  identical  in  each  instance 
that  the  slight  percentage  differences  in  concentration  are  devoid 
of  practical  import  in  this  connection. 

Equimolecular  data.  The  results  of  experiments  5-S  are 
quantitatively  as  divergent  as  those  of  experiments  1-4.  The 
accompanying  summary  (page  527)1  compiled  from  the  data 
of  the  experiments  with  isohydric  acid  solutions,  gives  typical 
equimolecular  results,  which  may  be  compared  with  the  simi- 
lar data  of  experiments  5-8.  Such  a  comparison  will  show  that 
the  quantitative  peptolytic  diflEerences  in  the  ^g-  solutions 
were  not  peculiar  to  their  particular  level  of  molecular 
concentration. 

Equinortnal  (isohydric)  data.  The  results  of  our  experiments 
with  acid  solutions  of  equipercentage  strength  and  of  equimo- 

1  The  figtires  for  the  total  amounts  of  residues  and  dissolved  portions 
of  elastin  for  each  acid  in  experiments  43-45  are  stmimarized  below  (see 
the  footnote  on  the  opposite  page. 

Acid.  Hydro-         Phos-        Sulfuric       Oxalic 

chloric.         phoric. 

Residue  (mgs.) 1864         1880         1887         1962 

Matter  in  solution  (mgs.) 1136         1120         1113         1038 
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Spbgial  summary   of  comparative   digestive    results  in 
GROUPS  OF  ACID  SOLUTIONS  AT  different  planes  op  percentage 

EQUIVALENCE  (experiments  9a-i6). 

Conditions  of  the  experiments.  Fibrin — A  (except  in  experi- 
ment 1 6,  in  which  fibrin  B  was  used).  Pepsin — A.  Tempera- 
ture— 40°  C.  Digestive  periods — 4  hours  (except  in  experiment 
15,  in  which  the  period  was  2  hotirs).  Neutralization — i  hour 
after  filtration  was  started. 


1 

1 

1 

No. 

of  the 

Experi- 

Acid. 

Wcififhts  of  Prodoicts. 

Concentration. 

Pepsia. 

mol 

X 

H- 

R 

N.P. 

P.P.    i 

1 

ment. 

1 
Nature.             ^ 

% 

gram- 
atoms 
per 
1000 
liters 

tags. 

mgs. 

mgs. 



cogs 

14  a 

Hydrochloric 
Phosphoric 

0.09 
0.08 

40 
120 

24 
16 

71 
127 

248 
243 

681 
630 

1.6 
1.6 

13  a 

Hydrochloric 
Pnosphoric 

0.09 
0.08 

40 
120 

24 
16 

49 

82 

219 
213 

732 
705 

4.0 
4.0 

13  a 

Nitric 
Acetic 

0.16 
0.15 

40 
40 

24 
1 

98 
994 

194 

1 

708 
5 

4.0 
4.0 

14  a 

Nitric 
Acetic 

0.16 
0.15 

40 
40 

24 

1 

169 
984 

238 
2 

593 
14 

1.6 
1.6 

11 

Oxalic 

Arsenic 

Sulfuric 

0.23 
0.24 
0.25 

40 
60 
40 

17 
25 
34 

69 
272 
258 

69 
77 
57 

862 
651 
685 

10. 
10. 

la 

15 

Oxalic 

Arsenic 

Sulfuric 

0.23 
0.24 
0.25 

40 
60 

40 

17 
25 
34 

301 
670 
628 

128 
60 
64 

571 
270 
308 

10. 
10. 
10. 

15 

Nitric 
Citric 

0.32 
0.32 

20 
60 

48 
3 

212 
954 

136 

1 

652 

45 

10. 
10. 

16 

Oxalic 

.Arsenic 
Sulfuric 

0.45 
0.47 
0.49 

20 
30 
20 

29 
39 
61 

99 
268 
607 

54 

30 

8 

847 
702 
485 

50. 
50. 
50. 

16 

Acetic 
Nitric 
Citric 

0.60 
0.63 
0.64 

10 
10 
30 

1 

93 

5 

951 
255 
697 

2 
26 
15 

47 
719 
288 

50. 
50. 
50. 

9a 

Acetic 
Nitric 
Citric 

0.60 
0.63 
0.64 

10 
10 
30 

1 

93 

5 

819 

74 

347 

2 

62 

9 

179 
864 
644 

100. 
100. 
100. 

9a 

Chloric 
Lactic 

0.84 
0.90 

10 
10 

93 

4 

58 
252 

81 
12 

861 
736 

100. 
100. 

16 

Chloric 
Lactic 

0.84 
0.90 

10 
10 

93 
4 

199 
650 

36 
14 

765 
336 

50. 
50. 
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Special    summary  of  comparative    digbstivb    results  in 
GROUPS  OF  ACID  SOLUTIONS  AT  different  pUoes  op  molecular 

EQUiVALEMCE  (experiments  92-16.) 
Conditions  of  the  experiments.     Stated  on  the  opposite  pf^e. 


Ackl. 

WeighU  of  Pr 

xlucti 

Nature. 

R 

insa. 

».P. 

,.P. 

rags. 

Piipda. 

.rr.. 

pel 

% 

H- 

gnun- 

lOoi) 
litera 

E«P«i- 

mgB. 

mgi. 

12            Arsenic 
Citric 

120 
120 

0.12 
0.16 

13  a         Sulfuric 
OmUc 

80 
80 

0.12 
0.11 

14  a         Sulfuric 
Oxalic 

80 
80 

0.12 
0.11 

11             Phosphoric 
Arsenic 

60 
60 

0.16 
0.24 

15            Phosphoric 
Arsenic 
Citric 

60 
60 
60 

0.16 
0.24 
0.32 

12            Hydrochloric 
Hydriodic 

Lactic 

40 
40 
40 

O.OtI 
0.32 
0.23 

13  a          Hydrochloric 

Nitric 
Acetic 

40 
40 
40 

0.09 

o.ie 

0.15 

9  a         Phosphoric 
Arsenic 
Citric 

30 
30 
30 

0.33 
0.47 
0.64 

16            Phosphoric 
Arsenic 

Citric 

30 
30 
30 

0.33 
0.47 
0.64 

9  a         Sulfuric 
Ojtalic 
Tartaric 

20 
20 
20 

0.49 
0.4S 
0.75 

11              Hydrochloric 
Hydriodic 

Acetic 

20 
20 
20 

0.18 
0.64 
0.30 

fl  a         Hydrochloric 
Cfiloric 
Nitric 

Acetic 

10 
10 
10 
10 
10 

0.36 
0.84 
0.63 
0.90 
0.60 

1«            Hydrochloric 

Nitric 
Lactic 
Acetic 

10 
10 
10 
10 
10 

0.36 
0.84 
0.63 
0.90 
0.60 

25  42  66  902  10. 

26  272  77  661  10. 
26  92  180  728  10. 
25  670  60  270  10. 

3  9R4  1  45  10. 

24  40  201  759  5. 

25  148  103  749  5. 
2  938  4  68  6. 

24  49  219  732  4. 

24  08  194  708  4. 


WA 

R7H 

ino. 

644 

100. 

908 

50. 

702 

60. 

288 

60. 

823 

100. 

921 

100. 

782 

100. 

B03 

10. 

850 

10. 

67 

10. 

025 

100. 

100. 

R64 

KKl. 

736 

100. 

179 

100. 

873 

50. 

765 

50, 

719 

60. 

336 

60. 

47 
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lecular  concentration  make  it  evident  that,  all  other  conditions 
in  a  series  being  equal,  identical  masses,  as  well  as  equal  numbm 
of  molecules,  of  different  acids  fail  to  effect  peptolysis  to  the 
same  degree. 

Peptolysis  depends  upon  acidity.  Acids  that  do  not  prec^n- 
tate  pepsin  appear  able  to  co-operate  with  the  enzyme  in  zy- 
molysis.  All  acids  are  molecularly  alike  in  containing  hydrogen. 
If  peptolysis  were  dependent  upon  the  atoms  of  hydrogen  in  the 
acids,  irrespective  of  the  states  of  the  hyxirogen  atoms,  peptic 
action  would  be  quantitatively  the  same  in  equinormal  (iso- 
hydric)  solutions  of  different  acids  under  identical  conditioos 
of  digestion.  That  peptolysis  is  not  determined,  so  far  as  the 
acid  is  concerned,  by  hydroo/omtVtV;' alone,  however,  is  indicated 
not  only  by  the  data  of  experiments  9a-i8  but  also  by  such  diver- 
gent results  in  the  foregoing  siunmary,  page  527,  as  those  given  in 
the  last  two  series.  The  -^^  solutions  of  the  five  acids  there 
referred  to  contain  the  same  amounts  of  hydrogen,  but  the  dis- 
parity in  the  peptolytic  results  could  hardly  be  greater. 

Equidissociated  (isohydrionic)  data.  An  examination  of  our 
quantitative  data  in  any  table  makes  it  evident  that,  with  all 
other  conditions  equal  in  a  series,  peptolysis  was  greatest,  in 
general,  in  the  solutions  of  the  most  dissociable  acids  employed 
and  was  least  in  the  solutions  of  the  acids  that  dissociate  at  best 
only  slightly.  That  peptolysis  is  largely  dependent  upon  hy- 
drionic  concentration  was  shown  in  all  our  experiments  and  is 
clearly  indicated  by  the  results  in  the  following  table  of  tvpical 
data  from  the  summary  on  page  527,  with  accompanying 
figures  for  the  degrees  of  dissociability. 


Acid. 

Weights  of  Peptolytic 
Products 

Concentration. 

R 

I 

mol 

X 

H- 

Per- 
centage 
of  Dis- 
sociation. 

N.P. 

PJ». 

Natiare. 

gram- 
atoms 
per  1000 

liters. 

ni^. 

mcs. 

Hydrochloric 

Chloric 

Nitric 

Lactic 

Acetic 


10 
10 
10 
10 
10 


0.36 
0.84 
0.63 
0.90 
0.60 


94 

93 

93 

4 

1 


94.3 

93.3 

93.3 

3.7 

1.3 


64 
199 
255 
650 
951 


63 
36 
26 
14 

a 


873 
765 
719 
336 
47 
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That  peptolysis  is  quantitatively  unequal,  however,  in  any 
series  of  isohvdrionic  acid  solutions  under  most  conditions  was 
shown  by  the  results  of  experiments  19-45.  Quantitative  pep- 
tolytic  differences  were  perhaps  less  marked  in  a  series  of  isohy- 
drionic  acid  solutions  under  given  conditions  than  in  a  series  of 
any  other  kind  of  solution  of  the  same  acids  imder  identical 
conditions ;  but  they  were  too  wide  under  most  conditions  (except 
in  the  experiments  with  elastin)  to  be  accounted  for  by  unavoidable 
errors  of  manipulation  and  consequently  were  too  great  to  permit 
the  deduction  that  peptolysis  bears  a  direct  or  obvious  mathe- 
matical relation  to  hydrionic  concentration.  It  seems  evident 
that  in  peptolysis  the  helpful  action  of  the  hydrion  of  the  acid 
is  interfered  with  by  harmful  influences  of  the  associated  anions 
and  (usually  also)  the  molecules.  The  quantitative  differences 
in  each  series  of  our  peptolytic  results  in  isohydrionic  solutions 
may  be  explained  in  that  way.  If  this  deduction  is  correct,  and 
we  know  of  no  reason  to  doubt  its  validity,  the  acid  in  which 
peptolysis  can  be  accomplished  with  the  greatest  speed  and  to  the 
greatest  extent  (under  uniform  optimum  digestive  conditions) 
must  be  that  acid  of  highest  dissociability  whose  anions  (and 
molecules)  interfere  least  with  the  co-operation  of  pepsin  and 
hydrion  in  effecting  protein  hydrolysis. 

The  experiments  already  described  make  it  evident  that 
peptolysis  is  quantitatively  unequal  in  any  series  of  aqueous 
solutions  of  different  acids,  whether  the  acids  are  present  in 
(i)  equal  masses  or  in  eqi4^  numbers  of  (2)  acid  molecules,  (3) 
hydrogen  atoms,  or  (4)  hydrogen  ions.  In  order  to  test  more 
directly  the  disturbing  influence  of  associated  anions  and  mole- 
cules we  carried  out  the  special  experiments  (46-53)  summarized 
on  pages  532-3. 

Experiments  with  Solutions  containing  Two  Acids  in 
SIMPLE  Molecular  Proportions. 

A.  The  results  of  the  experiments  (46-49)  with  solutions 
containing  both  hydrochloric  acid  attd  sulfuric  acid  (first  series) 
warrant  the  following  conclusions: 

Under  the  conditions  of  these  experiments  the  digestion  of 
fibrin  was  much  more  rapid  in  /^  hydrochloric  acid  than  in  ^ 
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sulfiiric  acid.  The  digestion  of  fibrin  in  i\^  hydrochloric  acid 
was  greatly  interfered  with  by  the  presence  of  sulfuric  acid,  even 
when  the  concentration  of  the  latter  in  the  mixture  was  only 
j^if.  The  larger  the  proportion  of  sulfuric  acid  present  in  the 
digestive  mixture,  the  greater  the  interference  with  peptolysis  of 
the  fibrin  in  spite  of  the  correspondingly  increased  H'  concentraiion. 

Sulfuric  acid  solutions  do  not  support  the  peptolysis  of  fibrin 
in  the  same  degree  that  equivalent  proportions  of  hydrochloric 
acid  maintain  it,  but  it  is  evident,  also,  that  sulfuric  acid  posi- 
tively interferes  with  the  co-operation  between  hydrocWoric  acid 
and  pepsin  under  the  conditions  of  these  experiments.  The 
inhibitory  effects  of  the  sulfuric  acid  are  seemingly  due  directly 
or  indirectly  to  the  qualities  of  the  sulfuric  acid  anions  or 
undissociated  molecules,  or  both. 

Decreasing  quantities  of  neutralization  precipitate  were 
obtained  from  filtrates  2-6,  in  experiment  46  with  fibrin,  in 
spite  of  the  favorable  effects  on  the  precipitation  of  acidalbumin 
that  sulfates  exercise.^  Were  it  not  for  the  latter  fact,  a  con- 
siderable part  of  the  observed  decrease  might  be  attributed  to  a 
more  decided  solvent  action  of  the  successively  larger  propor- 
tions of  salts  formed  (2-6)  in  the  neutralization  process. 

The  digestion  of  elastin  was  practically  the  same  in  the  ^^ 
solutions  of  sulfuric  acid  and  hydrochloric  acid.  The  differences 
were  too  slight  for  emphasis.  This  result  accords  with  previous 
data  to  the  effect  that  elastin  may  be  digested  practically  as  well 
in  sulfuric  acid  as  in  hydrochloric  acid,  when  solutions  of  equi- 
valent proportions  are  compared. 

With  the  result  of  previous  experience  in  mind  (p.  506)  we  sup- 
posed that  the  digestion  of  elastin  would  be  improved  by  the  addi- 
tion of  sulfuric  acid  to  the  h vdrochloric  acid  solution  and  thought 
also  that  the  digestion  of  the  elastin  in  the  mixture  containing 
the  maximal  proportions,  Yff»  of  both  acids  might  be  practically 
equivalent  to  that  in  an  ^^  solution  of  either  hydrochloric  acid 
or  sulfuric  acid.  The  results  did  not  bear  out  that  expectation, 
however — ^rate  and  degree  of  digestion  in  a  series  were  practically 
the  same  in  each  solution  containing  the  two  acids,  in  spite  of  the 
fact  that  the  H'  concentration  was  greater  in  each  solution  of 
the  two  acids  than  in  either  of  the  solutions  containing  only  one 

1  Hawk  and  Gies,  loc.  cit. 
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of  them.  This  outcome,  like  that  with  fibrin,  implies  the  opera- 
tion of  conflicting  influences  in  the  solutions  containing  the  two 
acids,  however  efficient  each  acid  alone  may  be  in  sustaining 
peptolysis  under  its  own  auspices. 

Otir  data  on  the  digestion  of  elastin  in  this  connection  suggest 
that  the  digestive  resultant  of  opposing  influences,  as  exerted 
by  both  acids  when  together  in  solution,  was  approximately 
equal  in  each  instance  to  the  peptolytic  result  obtainable  in  the 
T^  solution  of  either  one.  In  the  case  of  fibrin  under  the  same 
circumstances  the  "digestive  resultant'*  was  less  than  the 
peptolytic  result  in  the  solution  of  hydrochloric  acid  alone,  and 
greater  than  that  in  the  ptire  solution  of  sulfuric  acid.  That  the 
acid  anions  or  molecules  or  both  were  deeply  involved  directly 
or  indirectly  in  each  instance  seems  evident. 

B.  That  acid  molecules  are  not  necessarily  inhibitory  in 
peptolysis  is  strongly  indicated  by  the  results  of  the  experiments 
(50-53)  with  solutions  containing  both  hydrochloric  acid  and 
acetic  acid,  which  may  be  summed  up  briefly  as  follows; 

Under  the  conditions  of  these  experiments  the  digestion  of 
iibrin  in  -^  hydrochloric  acid  was  much  more  complete  than  in 
^  acetic  acid.  Acetic  acid,  even  when  present  in  the  yi  hydro- 
chloric acid  solution  in  a  molecularly  equivalent  concentration,!^, 
had  no  appreciably  retarding  influence  or  effect  of  any  kind  on 
the  peptolysis  of  fibrin.  The  dissociation  of  the  acetic  acid  in 
the  mixtures  employed  was  so  slight  in  each  case,  that  the 
proportion  of  acetic  acid  anions  in  each  solution  was  inconsid- 
erable. The  H'  concentration  was  also  practically  the  same, 
of  course,  in  each  mixture.  The  acetic  acid  in  the  solutions 
was  almost  entirely  in  molecular  condition. 

The  figures  for  amounts  of  neutralization  precipitates  in  ex- 
periment 50  might  suggest  that  there  was  less  production  of 
acidalbumin  from  fibrin  in  the  hydrochloric  acid  solutions  con- 
taining the  largest  proportions  of  acetic  acid  than  in  those  with 
the  smallest.  The  rising  proportions  of  acetate  that  were  formed 
with  the  chlorid  on  neutralization  of  the  filtrates  (from  2  to  6) 
doubtless  exerted  sufficiently  increased  solvent  action  on  the 
acidalbumin  to  account  for  the  fairly  uniform  decrease  (from 
2  to  6)  in  the  recovered  amounts  of  neutralization  precipitate.^ 
(See  remarks  on  page  501.) 

1  Hawk  and  Gies,  loc.  cU. 
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Experiments  46-53-  With  solutions  containing  two  acids  i% 
simple  molecular  proportions.  Conditions  of  the  experinnnis. 
All :  Pepsin — ^D.  Temperature  — 40®  C.  Volume  of  each  solutioa 
— 100  c.c. 

46-49.    First  series.     Acids — hydrochloric  and  sulfuric. 

A.  With  fibrin  A. — Pepsin — 10  mgs.(o.i  c.c.  of  a  10% 
solution).  Digestive  periods — 3  hours.  Neutralization — i  hour 
after  filtration  was  started. 


Add  Solutions. 


No.  in 


Constituents. 


Concentration. 


HCl 


M 

TO 


Second 
Acid 


M 


C.C. 


c.c. 


H,0 


c.c. 


. 


Total  H* 


gram- 
atoms 
per  xooo 
liters. 


Diffestive  Data. 


Second 
Acid 


mol 

z 


Weighte  of  Products. 

Relative  Peptolysis. 

SeqmdL 

R 

N.P. 

PP. 

R        N.P. 

P.P. 

mgs. 

mgs. 

mgs. 

»«  Ha  product 
^^     cquaJs 

R 

NJ  P^ 

10         100 

100 

46. 

With  fibrin. 

1 

00 

— 

60 

48 

— 

162 

261       687 

10 

100        100 

1 

3 

BO 

10 

40 

62 

100 

439 

184       377 

27 

73          64 

3 

8 

60 

20 

30 

78 

60 

430 

136       436 

27 

64           74 

2 

4 

60 

30 

20 

86 

83 

600 

111       389 

31 

44           66 

4 

5 

60 

40 

10 

96 

26 

663 

87       360 

84 

35           61 

5 

0 

50 

60 

-.— 

107 

20 

682 

84       334 

86 

33           67 

6 

7 

— 

60 

50 

61 

20 

696 

62       263 

43 

21           43 

7 

m 
1 

8 

— 

100 

— 

116 

10 

994 

21         — 

^^' 

control ;  i>epsin  abiint. 

0 

100 

— 

— 

94 

— 

960 

11         29 

control :  pepsin  absent 

47. 

Repetition  of  the 

preceding  experiment  (46). 

1 

60 

._ 

50 

48 

175 

826 

10 

100 

1 

3 

60 

10 

40 

62 

100 

370 

630 

21 

76 

2 

8 

60 

20 

30 

73 

50 

452 

648 

26 

66 

3 

4 

60 

30 

20 

85 

33 

547 

453 

31 

65 

4 

5 

60 

40 

10 

96 

25 

618 

382 

36 

46 

6 

0 

60 

50 

— ~ 

107 

20 

615 

.385 

35 

47 

6 

7 

— 

60 

50 

61 

20 

685 

316    • 

39 

38 

7 

• 
i 

B. 

With  elastin. 

48. 

Pepsin — 300  mgs.   (dry). 

Digestive  pc 

jriod- 

hours 

• 

1 

60 

_ 

50 

48 

^^ 

451 

549 

10 

100 

5 

5 

2 

60 

10 

40 

62 

100 

419 

581 

9 

106 

2 

2 

3 

50 

20 

30 

73 

50 

431 

569 

10 

104 

3 

3 

4 

50 

30 

20 

85 

33 

442 

558 

10 

102 

4 

4 

6 

50 

40 

10 

96 

25 

460 

540 

10 

08 

7 

* 
1 

0 

50 

50 

— ~ 

107 

20 

453 

547 

10 

100 

6 

6 

7 

— 

50 

50 

61 

20 

403 

597 

9 

100 

1 

1 

8 

— 

100 

— 

116 

10 

985 

15 

^^* 

control:  pepsin  absent. 

9 

100 

— 

94 

— 

983 

17 

control;  pepsin  absent 

49. 

Repetition  of  the  preceding  experiment  (48) . 

1 

60 

■^ 

50 

48 

— . 

391 

609 

10 

100 

2 

2 

60 

10 

40 

62 

100 

419 

581 

11 

05 

6 

8 

50 

20 

30 

73 

50 

401 

699 

10 

08 

a 

4 

50 

30 

20 

85 

33 

407 

693 

10 

07 

4 

6 

60 

40 

10 

96 

25 

434 

666 

11 

03 

7 

0 

60 

50 

— 

107 

20 

408 

592 

10 

07 

6 

7 

— 

60 

50 

61 

20 

353 

647 

9 

100 

1 
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50-53,     Second  series.     Acids — hydrochloric  and  acetic. 

A.  With  fibrin — A  or  C.  Pepsin — 10  mgs.  (o.i  c.c.  of  a  10%  solution). 
Digestive  periods — 3  hours.  Neutralization — 30  minutes  after  filtration 
was  started. 


Acid  Solutions. 

Digestive  Data. 

Constituents. 

Concentration 

Weights  of  Products. 

Relative  Peptolysis 

Sequence. 

No.  in 

HCl 

Second 
Acid 

Total  H- 

Second 
Acid 

R 

N.P. 

P.P. 

R      N.P. 

P.P. 

Series 

HaO 

t9Vl  •«». 

M 

M 

ffTftin* 

/J,  HCl  product 

in 

TIF 

c.c. 

^  ■■ 
atoms 
per  1000 
liters. 

mol 

X 

mgs. 

mgs. 

mgs. 

equals 

R 

N.P. 

P.P. 

C.C. 

c.c. 

10 

100 

100 

SO- 

W: 

ithfib 

rin  / 

L. 

1 

50 

_„ 

50 

48 

— . 

198 

301        501 

10       100      100 

6      2         5 

3 

50 

10 

40 

48 

100 

194 

312        494 

10       104        99 

4       16 

8 

60 

20 

30 

48 

50 

196 

300>       504 

10       100      101 

5      3         4 

4 

50 

30 

20 

48 

33 

193 

297        510 

10         99      102 

3       4          8 

6 

50 

40 

10 

48 

25 

187 

262        551 

9         87      110 

1       5          2 

6 

50 

50 

48 

20 

191 

222        587 

10         74      117 

2      6          1 

7 

50 

50 

0.9 

20 

945 

12          43 

48           4          9 

7      7         7 

8 

«_ 

100 

1.3 

10 

961 

45          —  CH.COOH    control 
20          19  HCl               control: 

;  pepsin  absent 

9 

100 

— 

94 

961 

pepsin  absent. 

SI. 

Re 

petitic 

Dn   c 

if   the 

prece( 

ding   experiment    (50) .     With  fibrin  C. 

1 

50 

^.^ 

50 

48 

87 

913 

10             100 

6            6 

2 

50 

10 

40 

48 

100 

74 

926 

9             101 

5            5 

8 

50 

20 

30 

48 

50 

45 

955 

5             105 

2            2 

4 

50 

30 

20 

48 

33 

48 

952 

6             104 

3            3 

6 

50 

40 

10 

48 

25 

50 

950 

6             104 

4             4 

6 

50 

50 

48 

20 

44 

956 

5             105 

1             1 

7 

50 

50 

0.9 

20 

958 

42 

110                 5 

7            7 

B. 

Wii 

th   ela 

Lstin. 

S2. 

Pepsi 

n — 300 

mgs.  (dry) .     Digestive  period — 7 

hours. 

1 

50 

_. 

50 

48 

474 

526 

10             100 

6           6 

2 

50 

10 

40 

48 

100 

407 

593 

9             113 

1            1 

8 

50 

20 

30 

48 

50 

418 

582 

9             111 

4           4 

4 

50 

30 

20 

48 

33 

432 

568 

9             108 

5           5 

5 

50 

40 

10 

48 

25 

417 

583 

9             111 

3           8 

0 

50 

50 

_ 

48 

20 

414 

586 

9             111 

2            2 

7 

50 

50 

0.9 

20 

570 

430 

12               82 

7           7 

8 

._• 

100 

1.3 

10 

982 

18      CH.COOH  control; 
17      HCl              control; 

pepsin  absent. 

0 

100 

— 

94 

983 

pepsin  absent. 

S3. 

Rei 

petitic 

>n  of 

the  pre 

seeding  experiment  (52). 

1 

50 

1 

50 

48 

415 

585 

10             100 

1           1 

2 

50 

10 

40 

48 

10c 

)        428 

572 

10              98 

4           4 

8 

50 

20 

30 

48 

50 

435 

565 

10              97 

5           5 

4 

50 

30 

20 

48 

33 

427 

573 

10              98 

3           3 

5 

50 

40 

10 

48 

25 

441 

559 

11              96 

6           6 

0 

50 

50 

— 

48 

20 

1         420 

580 

10              99 

2           2 

7 

~"~* 

50 

50 

0.fl 

>          20 

1         603 

397 

15              68 

7           7 

>Our  recorded  result  was  225,  which  was  incorrect.     In  checking  our  figures  it  appeared  that  A 
written  numeral  7  was  mistaken  for  1.  and  that  the  actual  result  obtained  was  that  given  above. 
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The  digestion  of  e/as/m  was  better  in  -^  hydrochloric  acid  than 
in  YJf  acetic  acid,  but,  as  we  found  before,  the  difference  between 
the  two  equivalent  acids  in  peptolytic  efficiency  on  elastin  was 
not  so  great  as  it  was  in  connection  with  fibrin.  The  acetic  acid  in 
the  mixed  solutions  appeared  to  have  little  or  no  effect  on  the 
digestion  of  elastin,  as  in  the  case  of  fibrin.  These  observations 
will  be  extended. 

Remarks  on  Peptolysis  in  Acetic  Acid. 

The  results  of  these  experiments  with  acetic  acid  throw  new 
light  on  the  observation  frequently  reported  that  peptolysis  was 
almost  negative  in  solutions  of  acetic  acid.  Such  lack  of  pepto- 
lytic efficiency  is  apparently  due  chiefly  to  the  low  hydrion  con- 
centration of  the  acetic  acid  solutions  employed.  The  acetic 
acid  molecules  and  anions,  in  the  proportions  taken  in  these 
experiments,  are  practically  inert.  It  is  obvious  that  peptolysis 
of  fibrin  and  elastin  is  neither  materially  favored  nor  interfered 
with  by  moderate  amounts  of  acetic  acid,  a  fact  which  indicates 
that  the  purely  chemical  phases  of  the  normal  gastric  digestive 
process  are  practically  tmaffected  by  vinegar  in  the  quantities 
ordinarily  ingested.  Secretory  conditions,  however,  are  modified 
no  doubt.  We  expect  shortly  to  report  from  this  laboratory 
some  results  in  this  particular  connection. 

All  our  previous  digestive  experiments  with  pure  solutions  of 
acetic  acid  have  shown  that  peptolysis  of  fibrin  proceeded  very 
slowly  in  each  of  the  acetic  acid  solutions  employed  and  that  the 
process  for  elastin  in  acetic  acid  solutions  of  the  same  concentra- 
tions was  also  relatively  slow,  but  less  so  than  for  fibrin.  We  have 
just  observed  that  acetic  acid  was  practically  inert  in  the  peptoly- 
sis of  fibrin  or  elastin  in  the  hydrochloric-acetic  solutions  of 
experiments  50-53. 

That  it  is  impossible  in  such  work  to  draw  significant  conclusions 
without  basing  them  on  the  results  of  numerous  experiments 
is  shown  by  the  appended  data  of  an  experiment  with  fibrin  in 
which  increasing  proportions  of  a  pepsin  preparation  were  used  in 
equal  volumes  of  jq  solution  of  acetic  acid  under  tmiform  digestive 
conditions. 

54  Conditions  of  the  experiment.  Fibrin — ^A.  Pepsin — D. 
Temperature — 40°  C.  Digestive  period — ^3  hours.  Neutral- 
ization— 30  minutes  after  filtration  was  started. 


^ 
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Digestive  Mixtures. 

Weights  of  Digestive  Products. 

No. 

K,  CHjCOOH 
c.c. 

Pepsin— D> 

R 

N.P. 

P.P. 

mgs. 

mgs. 

961 
677 
558 
390 

mgs. 

mgs. 

1 
2 
3 
4 

100 
100 
100 
100 

None 

500 

1000 

2000 

45 

41 

56 

105 

282 
386 
505 

The  results  of  this  experiment  (54)  show  very  clearly  that 
even  acetic  acid  will  help  actively  in  peptolysis  if  stifficient 
pepsin  is  present  in  the  solution  with  it.  The  significance  of 
this  and  related  observations  will  be  discussed  with  additional 
data  in  a  future  paper. 

Effects  of  the  Peptolytic  Products  of  one  Protein  on 

THE  Peptic  Digestion  of  Another. 

That  all  of  the  quantitative  restdts  of  digestion  are  auto- 
matically influenced  by  the  products  of  the  process  is  well 
understood.  That  such  modifications  have  occtured  unequally 
in  every  series  of  our  experiments  is  certain.  Before  pro- 
ceeding to  a  consideration  of  our  tryptolytic  data,  we  desire 
to  record  here  the  results  of  two  preliminary  experiments  on 
the  influence  of  the  peptolytic  products  of  one  protein  on 
the  peptic  digestion  of  another,  a  study  we  have  planned 
to  extend.  In  the  experiments  referred  to  below  our  pro- 
teins were  fibrin  and  elastin;  one  of  which  is  readily  digested 
by  small  proportions  of  pepsin,  whereas  the  other  is  much  more 
resistant  to  peptolysis.  We  selected  this  pair  of  proteins  in 
order  to  make  the  digestive  conditions  of  our  experiments  as 
unfavorable  as  possible  to  the  outcome  we  expected.  We 
asstmied  that,  in  general,  the  more  digestible  the  proteins 
might  be,  the  more  they  would  interfere  with  each  other's 
peptolysis. 

Until  we  are  prepared  to  present  further  data  in  this  and 
related  connections,  it  will  be  sufficient  here  to  call  attention 
to  the  fact  that  in  experiments  SS^S^  there  was  appreciable 
interference  with  the  digestion  of  one  protein  or  the  other,  or 
both,  in  every  solution  containing  portions  of  each  protein. 

1  It  should  not  be  forgotten  in  this  particular  connection  that  our 
pepsin  preparation  was  composed  chiefly  of  non-pepsinic  material.  The 
actual  quantity  of  pepsin  in  the  largest  amotmt  of  the  preparation  taken 
was  very  slight  therefore.  Its  proportion  in  the  digestive  mixtures  was 
probably  no  greater  than  that  frequently  present  in  normal  gastric  juice. 


No. 
in 
the 
Series 
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Experiments  55-56,  Effects  of  the  peptolytic  products  of  ovi 
protein  on  the  peptic  digestion  of  another.  Conditions  of  the  ex- 
periments.  All:  Hydrochloric  add,  o.  2  % — 100  c.c.  Pepsin 
— D;  50  mgs.  (0.2  c.c.  of  a  25%  solution).  Temperature— 
4o*^C.  Digestive  periods  —  i  hoiir  and  45  minutes.  Protein 
indicator — fibrin  (B).  elastin,  or  both;   amounts — different. 


Protein  taken. 

Protein  recovered. 

Fibrin 

Elastin 

i 

ToUl 

Weight 

% 

gram 

gram 

gram 

gram 

Calculated  amounts  of  residue. 


Approximate  quantity 
of  residue  jrielded  by  the 
proteins  in  the  absence  of 
each  other  > 


Total 


Fibrin 


gram 


Elastin 


RTam 


Jtram 


Exitsi 

tDUia» 

tsisdfi 

thai» 

gna 


55- 

1 

— 

0.25 

0.2^ 

0.193 

77.20 

— 

_ 

3 

2.00 

— 

2.00 

0.717 

35.85 

— 

___ 

8 

1.75 

0.25 

2.00 

1.196 

59.80 

0.627 

0.242 

4 

1.50 

0.50 

2.00 

1.544 

77.20 

0.538 

0.483 

5 

1.25 

0.75 

2.00 

1.7;i6 

86.80 

0.448 

0.724 

0 

1.00 

1.00 

2.00 

1.812 

90.60 

0.358 

0.066 

7 

0.75 

1.25 

2.00 

1.857 

92.85 

0.269 

1.207 

8 

0.50 

1.50 

2.00 

1.872 

93.60 

0.179 

1.449 

0 

0.25 

1.75 

2.00 

1.902 

95.10 

0.090 

1  .AOO 

10 

— 

2.00 

2.00 

1.932 

96.60 

^-. 

11 

0.25 

0.25 

0.056 

22.40 
56. 

~ 

1 

2.00 

.~^ 

2.00 

0.723 

36.15 

— _ 

2 

1.00 

—. 

1.00 

0.376 

37.60 

— . 

8 

0.75 

— . 

0.75 

0.260 

34.66 

— . 

1 

4 

0.50 

— 

0.50 

0.188 

37.60 

— 

^.^ 

5 

0.25 

— 

0.25 

0.087 

34.80 

^_ 

_^ 

0 

— . 

2.00 

2.00 

1.929 

96.45 

— . 

_^_ 

7 

■^ 

1.00 

1.00 

0.932 

93.20 

_ 

_^_ 

8 

— . 

0.75 

0.75 

0.689 

91.87 

— 

9 

— . 

0.50 

0.50 

0.422 

84.40 

— ^ 

10 

— . 

0.25 

0.25 

0.193 

77.20 

— 

_ 

11 

0.25 

1.75 

2.00 

1.905 

95.25 

0.090 

1.687 

12 

1.00 

1.00 

2.00 

1.747 

87.35 

0.362 

0.064 

18 

1.75 

0.25 

2.00 

1.084 

54.20 

0.633 

0.241 

0.869 

0.V 

1.021 

e.9 

1.172 

oa 

1.324 

0.11 

1.476 

0.31 

1.628 

0J« 

1.780 

0.9 

1.777 

o.ii 

1.326 

o.a 

0.874 

Oiii 

11— Comparative  Tryptolysis. 

Groups  of  Basic  Solutions  Employed. 
The  results  of  our  peptic  experiments  were  so  much  alike 
in  essential  physico-chemical  features  in  all  the  types  of  acid 
solutions  employed  that,  in  turning  to  tryptolysis,  'we  directed 
our  attention  at  once  to  the  activity  of  trypsin  in  equidissociated 
(isohydroxidionic)  solutions  of  bases.  This  type  of  basic  solution 
is  obviously  the  most  important  for  work  of  this  kind  and, 
judging  from  the  results  of  our  experiments  with  the  acids,  its 
use  promised  to  give  equally  significant  data. 

'Calculated  from  the  corresponding  data  for  the  digettioii  of  two  grams  of  each      w« 
Tha  calculated  amounts  of  residue  on  this  basis  ars  the  maximal  theoivtical  quaBthiM. 
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Type  of  Basic  Solutions  Employed. 

Four  groups  of  basic  solutions  were  used,  in  each  of  which  the 
hydroxidion  (OH')  concentration  of  the  solutions  was  equal  to 
that  of  a  solution  of  sodium  carbonate  of  definite  percentage 
strength,  as  follows:  Group  A — 0.5  per  cent;  Solution  B — 0.25 
per  cent;  Group  C — i  per  cent;  Group  D — 0.25  per  cent ;  Group  E 
— I  per  cent.  Our  proteolytic  results  in  these  solutions  were  not 
materially  affected  by  the  slight  solvent  action  of  the  bases  alone. 

The  names  of  the  bases  of  each  group,  with  data  bearing  on 
their  concentrations  and  their  solvent  action  on  fibrin^  and 
elastin,  are  summarized  below: 


Base. 

Concentration. 

Residues  after  Treatment 

With  the  Solutions  in  the 

Absence  of  Trypsin. 

OH' 

mol 

X 

% 

Bases-lOO  c.c. 

Fibrin   (C)— 1 

gram    Temper- 
ature-25*  C. 
Period  oi  ex- 
posure to  the 

bases  2i  hours 

Bases-100  c.c. 

EIastin-1  gram. 

Tempcrattu*— 

25«»C.     Period 

of  exposure  to 

the  bases — 

7  hotirs 

Groups. 

gram- 

mols  per 

KlOo 

liters 

Group  A: 

mgs 

Sodium  carbonate 

4.65 

21 

0.50 

984 

Ammonium  hydroxid 

4  65 

I 

3.29 

978 

Potassitmi  hydroxid 

4.65 

215 

0.026 

989 

Tctra-ethyl  ammonium 

hydroxid 

4.65 

200 

0.07 

991 

Conin 

4.65 

48 

0.27 

996 

Piperidin 

4.65 

55 

0.15 

981 

Piperazin 
Etnylene  di-amin 

4.65 

3 

2.93 

985 

4.65 

4 

1.55 

973 

Tri-methyl  am  in 

4.65 

3 

1.74 

953 

Solution  B: 

Sodium  carbonate 

3.38 

42 

0.25 

984 

Group  C: 

Ammonium  hydroxid 

5.96 

0.7 

5.40 

973 

Potassium  hydroxid 

5.96 

168 

0.033 

984 

Group  D: 

Sodium  carbonate 

3.38 

42 

0.25 

— 

Ammonium  hydroxid 

3.38 

2 

1.75 

— 

Potassium  hydroxid 

3.38 

296 

0.019 

— 

Conin 

3.38 

83 

0.15 

— 

Group  E: 

Sodium  carbonate 

5.96 

11 

1.00 

— 

Ammonium  hydroxid 

5.96 

0.7 

5.40 

— 

Potassium  hydroxid 

5.96 

168 

0.033 

— 

Conin 

5.96 

30 

0.42 

— 

mgs. 

1003 

1007 

995 

1010 
1003 
1006 
1015 
1003 
994 


1006 


996 
996 


>  The  neutralization  precipitates  obtained  in  the  filtrates  from  the 
fibrin  in  the  usual  way  were  too  slight  for  gravimetric  determination. 
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Experiments  57-66.^     With  Equidissociatbd   (Isohtdroxid- 

lONic)  Basic  Solutions. 

Conditions  of  the  experiments.    All:  Temperature — 25^  C. 

S7HS1.  First  series.  With  fibrin — B  or  C,  Trypsin — ^A,  B,  or 
C.  Digestive  periods — 2  hrs.,  45  minutes.  Neutralization— 
I  hour  after  filtration  was  started. 


Weiffhts  of 

Relative 

Products. 

Tryptolyssfl 

1. 

Sequence. 

T> 

R 

N,P. 

P.P. 

R 

N.P.     1 

P.P. 

Base. 

NaaCOi  product 

R 

N.P. 

P.P. 

equals 

mss. 

mga. 

mgs. 

"••o*** 

10 

100 

100 

57.     Fibrin- 

-C.     ' 

Iryps: 

in  (A)- 

—450  mgs. (dry). 

Group  i4: 

Sodium  carbonate 

55 

206 

739 

10 

100 

100 

3 

3 

4 

Ammonium  hydroxid 

I      66 

151 

783 

12 

73 

106 

4 

4 

X 

Potassium  hydroxid 

352 

135 

513 

64 

66 

60 

0 

6 

« 

Tblra-ethyl  ammon- 

ium hydroxid 

329 

136 

535 

60 

66 

72 

8 

6 

8 

Conin 

S4 

255 

661 

15 

124 

89 

5 

1 

7 

Piperidin 

101 

213 

686 

18 

103 

93 

6 

2 

ft 

Piperazin 

30 

120 

850 

5 

58 

115 

2 

8 

1 

Ethylene  di-amin 

29 

125 

846 

5 

61 

114 

1 

7 

a 

Tri-methyl  amin 

162 

115 

723 

29 

56 

08 

7 

0 

5 

SolutioH  B: 

Sodium  carbonate 

92 

189 

719 

— 

— 

— 

— 

— 

— 

Group  C: 

Ammonium  hydroxid 

88 

108 

804 

— 

— 

^» 

1 

2 

1 

Potassium  hydroxid 

317 

136 

547 

— 

—• 

— 

2 

1 

« 

58.     Fibrin- 

-C.      ' 

Tryps] 

in  (A)- 

—300  mgs. (dry). 

Group  A: 

Sodium  carbonate 

132 

230 

638 

10 

100 

100 

4 

3 

3 

Ammonium  hydroxid 

L    106 

190 

704 

8 

83 

no 

2 

0 

2 

Potassium  hydroxid 

445 

142 

413 

34 

62 

65 

0 

H 

9 

Tetra-ethy  1  ammoniu 

m 

hydxoxid 

422 

142 

436 

32 

62 

68 

8 

7 

n 

Conm 

183 

228 

589 

14 

99 

02 

6 

4 

B 

Piperidin 

177 

243 

580 

13 

106 

01 

5 

2 

6 

Piperasin 
Ethylene  di-amin 

55 

220 

725 

4 

96 

114 

1 

5 

1 

120 

263 

617 

9 

114 

97 

3 

1 

4 

Tri-methyl  amin 

233 

200 

667 

18 

87 

89 

7 

fl 

7 

Solution  B: 

Sodium  carbonate 

172 

248 

580 

— 

— 

— 

— 

— 

— 

Group  C: 

Ammonixim  hydroxic 

I    175 

177 

648 

— 

— 

— 

1 

1 

1 

Potassium  hydroxid 

406 

151 

443 

"■^ 

^■^ 

^■^ 

2 

2 

2 

»  In  some  of  these  experiments  the  protein  was  not  perfectly  dry  when 
it  was  used.  The  proportion  of  moisture  was  ultimately  determined 
carefully  in  such  instances,  however,  and  the  few  milligrams  of  moisture 
per  gram  of  fibrin  were  apportioned  among  the  products  to  make  the 
total  originally  intended.  In  no  case  was  the  amount  of  such  moisture 
more  than  26  milligrams  per  gram  of  material.     See  footnote,  page  520. 

The  trypsin  preparations  contained  material  that  was  precipitated  in 
the  neutralization  process.  Due  correction  was  made  in  this  connection, 
therefore,  after  inoividual  determinations  of  the  amount  of  such  contri- 
bution to  the  neutralization  precipitate. 
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Weights  of 
Products. 

Relative 
Tryptolysis. 

Sequence. 

Base. 

R 

N.P. 

P.P. 

R 

N.P. 

P.P 

R 

N.P. 

tags. 

xngs. 

mgs. 

NaaCOj  product 
equals 

P.P. 

10          100    1     100 

59.     Fibrin — C.     Trypsin  (B) — 300  mgs.  (dry) 


Group  D: 

Sodium  carbonate  35  86  870  10 

Ammonium  hydroxid  23  346  631  7 

Potassium  hydroxid  237  38  725  68 

Conin  60  73  877  14 

Group  E: 

Sodium  carbonate  28  107  865  10 

Ammonium  hydroxid  28  611  361  10 

Potassium  hydroxid  86  80  825  31 

Conin  34  58  008  12 


100 

402 

44 

85 


100 
72 
82 

100 


2 
1 

4 
3 


100  100  2 

571  42  1 

83  05  4 

54  ia5  3 


6o.     Repetition  of  experiment  59.  Fibrin  — ^B. 

Group  D: 

Sodium  carbonate        181  11  808  10  100  100  1 

Ammonium  hjrdroxid  200  —  701  12  —           08  2 

Potassium  hydroxid     422  0  560  23  82           70  4 

Conin                             312  15  673  17  136           83  3 

Group  E: 

Sodium  carbonate        403  14  583  10  100  100  3 

Ammonium  hydroxid  508  10  302  15  71           67  4 

Potassium  hydroxid     314  15  671  8  107  115  2 

Conin                             233  6  761  6  43  131  1 


2 

1 

4 
8 


2 

1 
8 

4 


2 

4 
3 
1 


3 
3 

1 

4 


1 
1 

A 

2 


9 

4 

1 


1 
2 

4 
3 


3 

4 

1 


6 1 .  Repetition  of  experiments  59  and  60.  Trypsin— C.  Fibrin—  B 


Group  D: 

Sodium  carbonate         136  16  848  10  100  100  1  1 

Ammonium  hydroxid  130  2  850  10  12  101  2  3 

Potassium  hydroxid     305  —  605  22  —  82  4  4 

Conin                             203  15  782  15  04  02  3  3 

Group  E: 

Sodium  carbonate        335  18  647  10  100  100  3  1 

Ammonium  hydroxid  601  8  301  18  44  60  4  3 

Potassium  Hydroxid    231  7  762  7  30  118  2  4 

Conin                               124  13  863  4  72  133  1  2 


3 
1 

4 
3 


3 

4 

3 
1 


62-66.    Second  series.     With  elastin.    Trypsin — ^AorC.     Di- 
gestive periods — different. 


WeiffhU  of 
Products. 

Relative 
Tryptolysis. 

Sequence. 

R 

P.P. 

R        1          P.P. 

R 

Base. 

NajCOj  product 
equals 

P.P 

mgs. 

mgs. 

10                    100 

62.     Trypsin    (A) — 300    mgs.  (dry).      Digestive    period — 3 
hours,  45  minutes. 

Group  A: 
Sodium  carbonate 
Ammonium  hydroxid 
Potassium  hydroxid 
Tetra-ethyl  ammonium 

hydroxid 
Conm 
Piperidin 
Piperasin 
Bthylene  di-amin 
Tri-methyl  «min 


136 

864 

10 

100 

6 

6 

704 

206 

58 

24 

8 

8 

135 

865 

10 

100 

4 

4 

135 

865 

10 

100 

5 

6 

08 

002 

7 

104 

3 

3 

06 

004 

7 

105 

3 

3 

72 

028 

5 

107 

1 

1 

784 

216 

58 

25 

7 

7 

1003 

-^ 

74 

— 

0 
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Weights    of 

Relative 

Ca  aanAni-A 

Products. 

Ttyptolysis. 

orqaun. 

Base. 

R 

P.P. 

R 

P^. 

R 

NajCOj  product 

equals 

PJ. 

mffs. 

mgs. 

10 

100 

62  {Continued) 

Solution  B: 
Sodium  carbonate 

Group  C: 
Ammonium  hydroxid 
Potassium  hydroxid 


80 


070 
147 


Oil 


30 
853 


S 
I 


I 


63.    Trypsin  (A) — 200  mgs.  (dry).  Digestive  period — 7  hours. 


Group  A: 

Sodixim  caroonate  01 

Ammonium  hydroxid  763 

Potassium  hydroxid  64 
Tetra-ethyl  ammonium 

hydroxid  65 

Comn  40 

PipeHdin  41 

Piperaxin  47 

Ethylene  di-amin  740 

Tri-methyl  amin  1003 

Solution  B: 

Sodium  carbonate  30 

Group  C: 

Ammonium  hydroxid  051 

Potassium  hydroxid  53 

64.     Trypsin    (C) — 200 
hours,  35  minutes. 

ffroup  D: 

Sodium  carbonate  64 

Ammonium  hydroxid  81 

Potassium  hydroxid  103 

Conin  80 


000 
237 
036 

035 
051 
050 
053 
251 


061 


40 
047 


10 
84 

7 

7 
5 
5 
5 
82 
110 


100 

26 

103 

103 
105 
106 
105 
28 


6 
8 

4 

ft 
3 
1 
2 

7 
O 


2 

1 


t 
1 


mgs.  (dry).     Digestive      period— 2 


Group  E: 
Sodium  carbonate 
Ammonium  hydroxid 
Potassium  hydroxid 
Conin 


682 

044 

66 

76 


036 
010 
807 
020 


318 

56 

034 

024 


10 
13 
16 
12 


10 

14 

1 

1 


100 
08 
06 
08 


100 

18 

204 

200 


1 
3 

4 
2 


3 

4 
1 


1 

% 
4 
1 


4 
I 


65.  Trypsin  (A) 
hours.    Compare  with  64. 

Group  D: 

Sodium  carbonate  87 

Ammonium  hydroxid  165 

Potassium  hydroxid  176 

Conin  111 

Group  E: 

Sodium  carbonate  040 

Ammonium  hydroxid  083 

Potassium  hydroxid  03 

Conin  085 

66.  Trypsin  (A) — 195 
hours.    Compare  with  65. 

Group  E: 

Sodium  carbonate  841 
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On  the  swelling  effects  of  the  basic  solutions  on  fibrin  and  elastin. 
In  all  the  experiments  in  which  fibrin  was  used  the  protein 
gradually  increased  in  bulk  in  each  solution.  The  bloating 
effects  differed  greatly  in  degree,  however. 

Elastin  was  swollen  by  some  of  the  bases,  but  not  by  others. 
In  experiment  63,  for  example,  swelling  occurred  unequally 
in  the  solutions  (Group  A)  of  sodium  carbonate,  ammonium 
hydroxid,  piperazin,  ethylene  di-amin  and  tri-methyl  amin, 
but  did  not  appear  in  the  solutions  (Group  A)  of  potassium 
hydroxid,  tetra-ethyl  anmionitun  hydroxid,  conin,  and  piperidin. 
Swelling  occurred  in  ammonium  hydroxid  (Group  C) ,  but  not  in 
sodium  carbonate  (Solution  B)  or  potassium  hydroxid  (Group 
C).  Elastiu  did  not  swell  in  any  of  these  solutions  when  trypsin 
was  absent.  In  general,  digestion  appeared  to  be  most  rapid 
and  complete  in  the  solutions  which  had  no  bloating  effect  on  the 
elastin.     There  were  notable  exceptions,  however. 

It  will  be  observed  that  the  solutions  in  which  elastin  was 
swollen  contained  bases  in  relatively  high  molecular  concen* 
trations.  On  the  other  hand,  swelling  failed  to  occur  in  the 
solutions  containing  relatively  small  proportions  of  strong 
bases,  and  consequently,  of  small  proportions  of  undissociated 
basic  molecules.  These  facts  suggest  that  the  swelling  of 
elastin  was  influenced  not  only  by  the  trypsin  but  also  by  the 
undissociated  base  in  each  solution. 

Digestive  results  of  the  experiments  with  the  equidissociafed 
{isohydroxidionic)  basic  solutions.  Wide  quantitative  differences 
were  noted  in  the  tryptic  digestions.  In  some  respects  there  was 
more  uniformity  in  the  experiments  with  elastin  than  in  those 
with  fibrin,  although  the  longer  periods  of  exposure  to  tryptolytic 
influences  in  the  former  series  may  account  for  the  fact  stated. 

The  approximate  order  of  tryptolytic  efficiency  of  the  basic 
solutions  was  the  following: 

A.  With  fibrin — Piperazin,^  ethylene  di-amin,  ammoniimi 
hydroxid,   and   soditmi  carbonate;  conin  and   piperidin:   tri- 

>  Bredig  (Joe.  cit.,  p.  307)  found  that  piperazin  (di-ethylene  di-amin) 
in  aqueous  solution  dissociates  like  a  mon-add  base,  i.  e.,  like  NaOH, 
for  example.  One  molecule  ^of  piperazin  dissociates,  then,  into  one  OH' 
and  an  electropositive  ion  containing  an  undissociated  hydroxy  1  group. 
The  superior  digestive  results  obtained  in  otir  piperazin  solutions  suggest 
that  perhaps  the  latter  hydroxyl  group  was  dissociated  from  one  cation 
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methyl  amin;  tetra-ethyl  ammonium  hydroxid  and  potassium 
hydroxid. 

B.  With  elastin — Piperazin,  piperidin,  conin,  potassium 
hydroxid,tetra-ethyl  ammonixmi  hydroxid  and  sodium  carbonate; 
ethylene  di-amin  and  ammonium  hydroxid ;  tri-methyl  amin. 

Rate,  extent,  and  quality  of  tryptolysis  were  influenced 
greatly  by  the  nature  of  the  protein.  Elastin  was  in  general  less 
readily  digested  than  fibrin.  The  digestions  of  fibrin  and  elastin 
were  relatively  about  the  same  in  the  solutions  of  piperazin, 
soditun  carbonate  and  conin.  Digestion  of  fibrin  was  very 
poor  in  tri-methyl  amin  solution,  but  elastin  did  not  digest  in  it 
at  all.  Fibrin  was  digested  much  more  readily  than  elastin  in 
the  solutions  of  ethylene  di-amin  and  ammonium  hydroxid,  in 
which  the  tr)rptoIysis  of  elastin  was  particularly  poor.  On  the 
other  hand  tryptolysis  of  elastin  was  relatively  much  better  than 
that  of  fibrin  in  the  solutions  of  piperidin,  tetra-ethyl  ammonium 
hydroxid,  and  potassium  hydroxid.  These  differences  were  noted 
in  the  use  of  the  same  preparation  of  trypsin  (A) . 

Bases  of  the  same  general  nature  yielded  practically  identical 
digestive  results  in  a  series.  An  exception  was  the  marked 
divergence  in  this  respect  between  piperazin  and  ethylene  di-amin 
in  the  digestion  of  elastin. 

That  tryptolysis  does  not  bear  a  simple  relation  to  hydroxidion 
(OH')  concentration,  but  that  it  is  markedly  influenced  by  as- 
sociated factors,  is  evident.  The  conditioning  factors  in  our 
tryptolytic  experiments  were  probably  analogous  to  those  of 
our  peptic  digestions. 

General  Considerations. 

All  the  experiments  described  in  this  paper  were  carried  out 
with  the  greatest  possible  regard  for  quantitative  accuracy  in 
every  detail.  The  quantitative  disparities  observed  among  the 
results  of  each  experiment  are  believed  to  express  real  pro- 
teolytic differences  under  the  prevailing  conditions  and  not 
incidental  differences  due  to  faulty  technic.     The  uniformity  of 

after  another  (and  thiis  rendered  zymolytically  efficient)  during  the  diges- 
tive process,  as  fast  as  hydroxylions  were  removed  from  ionic  condition 
by  combination  with  digestive  products.  The  same  may  be  said  of 
ethylene  di-amin,  although  the  meager  digestion  of  elastin  in  its  solutions 
indicates  the  operation  of  influences  not  considered  above. 
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the  difEerences  noted  for  each  acid  or  base  among  the  restilts 
of  the  several  groups  of  experiments  with  a  particular  protein, 
when  the  differences  are  converted  into  common  terms,  enforces 
the  validity  of  this  deduction. 

We  have  endeavored  to  explain  definitely  the  quantitative 
proteoljrtic  differences  observed,  but  cannot  satisfactorily  as- 
cribe them  either  to  a  single  influence  or  to  any  particular  set 
of  influences.  Thus,  peptolysis  in  a  series  of  acid  solutions  does 
not  show  a  simple  relation  to  any  degree  of  concentration, 
whether  the  acid  solutions  are  equivalent  in  percentage  or  mo- 
lecular strengths,  whether  they  exhibit  identical  proportions  of 
acidity  or  conduct  an  electric  current  to  the  same  degree.  This 
statement  is  also  true  of  tr)rptolysis.  Our  digestive  results  like- 
wise bear  no  obvious  relation  to  the  heat  of  ionization  or  to  the 
heat  of  formation  of  the  acids  or  bases,  nor  to  such  other  physico- 
chemical  properties  as  the  solution  tension,  velocity,  or  conduc- 
tivity of  the  cations  or  anions.  That  some  or  all  of  these  factors 
are  operative  is  probable.  That  the  hydrogen  cation  supports 
peptolysis,  that  the  hydroxyl  anion  may  stimulate  tryptolysis,  is 
evident.  That  the  associated  anions  or  molecules  or  both 
usually  inhibit  peptolysis,  that  the  accompanying  cations  or 
molecules  or  both  retard  tryptolysis,  seems  equally  probable. 
It  is  possible  that  the  use  of  solutions  of  greater  dilution  than 
those  emplo5red  in  our  work  heretofore  might  3deld  results  which 
would  clearly  reveal  the  leading  influences  involved  in  digestive 
proteolysis. 

•  Our  results  show  that  the  chemical  operations  in  peptolysis 
and  tryptolysis  are  very  complicated,  and  that  the  quantitative 
outcome  in  each  case  is  the  resultant  of  many  forces.  Our 
experiments  have  proved  conclusively  that  the  nature  of  a 
protein  is  one  of  the  important  factors  in  its  zjnnolysis.  It  is 
possible  that  the  dissimilar  digestive  results  for  the  proteins 
employed  were  due  chiefly  to  different  degrees  of  affinity  between 
the  proteins  and  their  zymolytic  products  on  one  side  and  the 
acids  or  bases  in  each  group  on  the  other.  Such  differences  of 
chemical  combination  might  result  in  variable  degrees  of 
susceptibility  of  a  protein  and  its  zymolytic  products  to  the 
active  enzyme  in  any  series  of  acid  or  basic  solutions.  See 
experiments  55-56. 
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The  fact  that  each  of  our  protein  products  diflfered  widely  from 
the  others  in  the  velocity,  quality,  and  extent  of  its  digestion 
in  a  given  series  of  equivalent  acid  or  basic  solutions  makes 
it  clear  that  no  important  generalizations  can  yet  be  offered 
to  explain  the  behavior  of  the  acids  in  peptolysis  or  the  bases 
in  tryptolysis.  Our  results  indicate  strong^ly  that  numerous 
current  opinions  relating  to  digestive  proteolysis  that  have  been 
derived  from  the  data  of  investigations  in  each  of  which  a 
single  protein  was  used,  as,  for  example,  such  as  were  intended 
to  show  the  effects  of  various  substances  on  the  piu^ly  chemical 
phases  of  normal  gastric  digestion,  need  revision. 

We  intend  to  continue  this  particular  phase  of  our  study 
with  an  investigation  of  the  comparative  zymolytic  behavior  of 
many  different  proteins  in  samples  of  the  same  groups  of  add 
and  also  basic  solutions  that  will  be  made  in  large  voliunes,  in 
the  hope  of  finding  the  important  common  factors  in  proteolysis 
and  also  of  discovering  the  relationships  of  the  significant  in- 
fluences that  may  be  peculiar  to  the  various  proteins  and  to  the 
acids  or  bases  employed.  The  effects  of  the  various  acid  and 
basic  solutions  on  enzymes  will  also  be  considered. 

Because  of  the  purposes  just  indicated  we  have  refrained  from 
suggesting  more  than  one  or  two  of  our  own  present  opinions  in 
these  connections.  The  bare  statement  of  our  methods  and  results 
has  reqtiired  so  much  space  that  we  shall  also  postpone  refer- 
ence to  the  related  work  of  other  observers  until  the  data  of  our 
further  study  of  this  matter  warrants  renewed  discussion  of  the 
subject. 

Summary  of  Main  Conclusions. 

Peptolysis  of  either  fibrin,  edestin  or  elastin  is  quantitatively 
unequal  in  a  series  of  aqueous  solutions  of  different  acids  under 
any  uniform  digestive  conditions.  Striking  disparities  in  the  vel- 
ocity, quality,  and  extent  of  digestion  of  these  proteins  occur  in 
solutions  of  common  acids  whether  the  acids  are  present  in  the 
solutions  in  equal  masses  (equipercentage) ,  or  in  equal  numbers 
of  acid  molecules  (equimolecular) ,  hydrogen  atof7is  (equinormal), 
or  hydrogen  ions  (equidissociated). 

Tryptolysis  of  fibrin  and  elastin  is  markedly  unequal  in 
equivalent  solutions  of  bases. 
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Among  the  conditioning  influences  that  were  obviously 
influential  in  all  our  zymolytic  experiments  were  the  character, 
state,  and  strength  of  the  acid  or  base,  the  quality  and 
concentration  of  the  enzyme,  the  duration  of  the  period  of 
digestion,  the  temperature  of  the  digestive  mixture  and  the  nature 
of  the  protein.  No  doubt  the  diflEerent  digestive  products  them- 
selves exerted  unequal  influences  as  the  proteolytic  transformation 
proceeded. 

The  hydrogen  ion  is  the  favorable  acid  factor  in  peptolysis. 
The  associated  anions  or  molecules  (or  both)  appear  to  interfere 
(asanile)with  the  peptic  process,  and  their  divergent  influences 
seem  to  account,  in  part  at  least,  for  the  quantitative  disparities 
noted  in  each  digestive  series  of  these  experiments.  It  has  been 
shown,  however,  that  acetic  acid  tnolecules  are  practically  without 
influence,  under  certain  conditions,  on  the  peptolysis  of  fibrin 
or  elastin  in  solutions  of  hydrochloric  acid — ^a  suggestion  that 
the  ptu^ly  chemical  phases  of  the  normal  gastric  digestive 
process  are  practically  unaffected  by  vinegar  in  the  quantities 
ordinarily  ingested.  The  effects  of  acetic  acid  and  of  vinegar 
on  the  secretary  process  in  the  stomach  will  be  investigated. 

In  tr3rptolysis  the  hydroxyl  anion  is  the  favorable  basic  factor, 
and  the  associated  cations  or  molecules  (or  both)  seem  to  exercise 
deterrent  influences. 

In  general  harmony  with  the  observed  digestive  disparities, 
there  were  marked  inequalities  of  the  swelling  effects  on  fibrin  in 
every  equivalent  series  of  acid  or  basic  solutions.  Bloating  in- 
fluences on  fibrin  were  due  primarily  to  the  acid  or  base,  but 
were  more  pronoimced  in  the  presence  of  enzyme.  Elastin  did 
not  swell  perceptibly  in  either  the  acid  or  basic  solutions  em- 
ployed, but  did  so  in  the  latter  when  trypsin  was  present. 

The  parts  played  by  the  various  ions  and  molectdes  in  pepto- 
lysis, or  tryptolysis,  or  in  the  swelling  of  the  proteins,  have  not 
been  considered  experimentally  in  any  special  way.  Whether 
the  ions  or  molecules  or  both  affect  the  proteins,  the  enzymes, 
the  water,  or  all  collectively,  in  the  swelling  and  hydrolytic 
processes  will  be  considered  at  a  more  favorable  opportunity. 

In  a  given  series  of  eqtiivalent  acid  or  basic  solutions  tmder 
uniform  digestive  conditions  the  degree  and  sequence  of  zymolysis 
of  fibrin  were  strikingly  different  from  those  of  the  digestion  of 
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elastin.  This  fact  necessitates  thorough  study  of  the  zymolysis  d 
many  proteins  in  samples  of  the  same  equivalent  acid  and  basic 
solutions,  before  general  deductions  relating^  to  peptolysis,  or 
tryptolysis,  or  to  influences  on  them,  are  permissible.  Such  a 
study  has  been  inaugurated. 


ON  THE  COMPOSITION  OF  TOZICODENDROL.^ 

JlJf'"    '  By  S.  F.  AGREE  and  W.  A.  SYME. 

{From  the  Chemical  Laboratory  of  Johns  Hopkins  University.) 
(Received  for  publication,  December  14,  1906.) 

Up  to  the  present  time  only  three  important  chemical  investi- 
gations of  the  poison  ivy  plant  have  been  recorded,  namely, 
those  of  Khittel,2  Maisch,^  and  Pfaff.*  The  object  of  their 
work  was  to  obtain  the  poisonous  principle  of  the  plant,  and 
their  results  may  be  briefly  stated  as  follows:  Khittel  thought 
that  the  poison  was  a  volatile  alkaloid,  but  he  did  not  prove  by 
physiological  evidence  that  he  had  obtained  a  poisonous  sub- 
stance. Maisch  obtained  a  volatile  acid,  which  he  called  toxi-- 
codendric  acid,  by  distilling  a  water  extract  of  the  plant.  His 
acid  was  similar  to  formic  and  acetic  acids,  but  more  like  the 
latter.  He  produced  physiological  evidence  of  a  doubtful  char- 
acter to  show  that  it  was  poisonous.  PfafiE  showed  that  the 
volatile  acid  of  Maisch  was  probably  impure  acetic  acid  con- 
taining traces  of  the  poisonous  substance  which  he  thought 
was  not  volatile.  He  got  from  the  plant  a  non-volatile  oil, 
toxicodendroly  which  he  showed  by  most  reliable  tests  upon 
himself  to  be,  or  to  contain,  the  poison. 

The  investigation  of  the  writers  was  undertaken  to  see  if 
more  light  could  be  thrown  on  the  chemical  nature  of  toxicoden- 
drol.  Soon  after  commencing  work,  however,  it  became  ap- 
parent that  the  poison  could  be  more  intelligently  studied  if 
the  substances  associated  with  it  in  the  plant  were  first  identified. 

»  We  are  indebted  to  the  Carnegie  Institution  .of  Washington  for  aid 
in  this  work.  This  paper  is  an  abstract  of  a  dissertation  submitted  to 
the  Board  of  University  Studies  of  the  Johns  Hopkins  University  by 
W.  A.  Syme  for  the  degree  of  Doctor  of  Philosophy.  For  a  more  detailed 
account  of  the  work  reference  is  made  to  the  dissertation. 

^  Amer.  Joum.  of  Pharm.,  p.  542,  1858. 

«  Proc,  Amer,  Pharm.  Assn.,  p.  166,  1865;  Amef.  Joum.  of  Pharm.,  p. 
4,  1866. 

*  Journ.  of  Exper.  Med.,  ii,  p.  181,  1897. 
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The  scope  of  the  work  was  therefore  extended  to  an  investigatioQ 
of  the  other  constituents  of  the  plant. 

The  crude  material  for  this  work  was  prepared  by  Messrs. 
Parke,  Davis  &  Co.,  of  Detroit,  Michigan,  according  to  special 
instructions  submitted  to  them:  67.5  pounds  of  fresh  leaves  and 
flowers  of  poison  ivy  were  collected  near  Detroit  and  carefully 
inspected  by  a  competent  botanist.  This  material  was  thor- 
oughly macerated  and  put  into  ten-liter  bottles  with  ether. 
The  mass  was  thoroughly  shaken,  water  being  added  to  make 
it  more  mobile.  The  ether  was  then  separated,  and  the  extrac- 
tion was  repeated  three  times  in  the  same  way  to  insure  complete 
removal  of  the  toxicodendrol.  The  ether  extracts  were  com- 
bined, thoroughly  dried  with  anhydrous  sodium  sulphate,  and 
the  ether  was  distilled  off,  the  temperature  being  kept  below 
40°  C.  during  the  entire  distillation.  The  residue  after  the 
removal  of  the  ether  was  a  thick,  black,  tar-like  mass,  weighing 
3  pounds,  II  ounces.  In  extracting  the  plant,  about  24  gallons 
of  ether  were  used.  It  is  a  significant  fact  in  regard  to  the 
volatility  of  the  poison  that  during  the  process  of  preparing 
this  material  none  of  the  employees  engaged  in  the  work  were 
in  any  way  affected,  since  proper  precautions  were  taken  and 
the  utensils  were  handled  with  rubber  gloves. 

The  crude  ether  extract,  which  will  be  designated  as  the 
** original  material,"  was  shipped  to  Baltimore  in  August  and 
was  kept  in  a  cool  place  until  November,  when  the  investiga- 
tion was  begim.  When  the  bottle  was  opened  by  Dr.  Syme 
there  seemed  to  be  an  escape  of  a  vapor,  and  a  nauseating 
odor  suggesting  crushed  green  leaves  pervaded  the  atmosphere. 
Some  days  later  irregular  red  patches  appeared  on  his  face 
though  a  mask  of  cotton  cloth  was  worn  during  the  work,  and 
his  hands  were  protected  by  rubber  gloves. 

The  first  experiment  was  to  try  to  distill  the  toxicodendrol 
from  the  original  material  with  the  aid  of  a  vacuum  pump. 
At  a  temperature  of  140°-!  50°  C.  and  a  pressure  of  2  milli- 
meters, the  material  carbonized  and  nothing  distilled  over. 

It  was  then  thought  that  perhaps  the  oil  could  be  converted 
into  an  ester  which  might  be  more  volatile  and  could  be  distilled 
out.  Twenty  grams  of  the  original  material  were  dissolved  in 
100  c.c.  of  absolute  alcohol  containing  3  grams  of  hydrochloric 
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acid  gas,  and  the  mixture  was  heated  10  hours  on  a  water-bath 
under  a  return  condenser.  After  the  heating,  the  mixture  had 
a  delightful  ethereal  odor.  The  flask  was  corked  and  left  stand- 
ing several  weeks  while  other  work  was  in  progress.  The  ester 
solution  was  then  put  into  a  vacuum  desiccator  over  sulphuric 
acid  and  the  alcohol  evaporated.  A  black,  tarry,  solid  mass 
was  left  having  the  ester  odor.  It  was  extracted  with  warm 
water  and  filtered  from  insoluble  tar.  The  filtrate  had  a  green 
color  and  the  ethereal  odor.  It  was  shaken  out  with  ether; 
the  ether  layer  had  a  blood-red  color  while  the  water  layer 
was  deep  green.  The  extraction  with  ether  was  continued  until 
the  water  layer  was  no  longer  green.  The  combined  ether 
extracts  were  evaporated  in  a  desiccator  without  heat.  A 
black,  tar-like  solid  was  left  very  much  like  the  original  material 
but  it  had  the  ester  odor.  It  was  partly  soluble  in  water  and 
readily  soluble  in  alcohol.  The  alcoholic  solution  was  tested 
on  the  skin  and  found  to  be  not  poisonous.  The  ester,  or 
mixture  of  esters,  was  not  investigated  further  in  this  connection, 
but  was  later  shown  to  give  the  reactions  for  gallic  acid  and 
methyl  ftirfurol.  These  reactions  will  be  referred  to  in  connec- 
tion with  other  experiments. 

A  few  other  preliminary  experiments  showed  that  the  original 
mixture  was  very  complex  and  that  it  would  be  necessary  to 
fractionate  it  and  examine  the  fractions  separately.  Chlorophyll 
could  not  be  removed  because  the  solvents  for  chlorophyll, 
alcohol,  ether,  carbon  bisulphide,  etc.,  dissolve  large  quantities 
of  the  mixttire. 

Some  of  the  original  material  was  extracted  with  50  per  cent, 
alcohol,  filtered  from  insoluble  tar,  and  the  following  experi- 
ments were  performed  with  the  filtrate,  F. 

(i)  A  portion  was  distilled  under  diminished  pressure,  and  a  yellow, 
acid  liquid  was  obtained.  This  was  shaken  with  ether  and  the  ether 
was  evaporated.  A  small  quantity  of  a  yellow  solid  was  left.  The  sub- 
stance was  not  volatile  enough  to  justify  the  use  of  this  method  for 
getting  it. 

(2)  A  precipitate  obtained  by  adding  lead  acetate  in  50  per  cent, 
alcohol  to  a  portion  of  the  filtrate,  F,  was  suspended  in  water,  decomposed 
by  hydrogen  sulphide,  shaken  with  ether,  and  the  ether  evaporated 
The  residue,  after  drying  in  a  desiccator,  was  a  yeUow  solid,  apparently 
the  same  as  that  obtained  by  distillation  in  (i)  above. 
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(3)  Another  portion  of  the  alcoholic  filtrate,  F,  was  filtered  through 
bone-black.  The  colorless  filtrate  was  apparently  pure  alcohd  aod 
water,  everything  in  solution  having  been  removed  by  the  bone-black. 

In  precipitating  an  alcoholic  solution  of   the  crude  material 
with  a  solution  of  lead  acetate,  it  was  noticed  that  at  least 
two  kinds  of  precipitates  were  formed.     The  part  that  went 
down  first  was  darker  in  color  than  that    thrown  down  later. 
Pfaff  used  the  last  fractions  in  obtaining  his  oil  and  stated  that 
these  precipitates  consisted  of  the  lead  compound  of  the  oil  in 
a  pure  state.     It  was  found  by  experiment  that  the  darker  part 
was  soluble  in  ether  while  the  lighter  part   was   not.    This 
indicated  that  the  darker  part  consisted  of  tarry  matter  which 
was  brought  down  mechanically,  or  separated  out  when  the 
alcoholic  solution  was  diluted  by  the  lead  acetate  solution,  or 
was  perhaps  a  lead  compound,  soluble  in  ether.     To  test  this 
point  an  experiment  was  made  as  follows:    Some  of  the  crude 
material  was  thoroughly  extracted  with  50  per  cent,  alcohol 
The  tar  insoluble  in  50  per  cent,  alcohol,  was  then  treated  with 
95  per  cent,  alcohol.     Most  of  it  dissolved;  the  solution  was 
filtered  and  lead  acetate  in  50  per  cent,  alcohol  was  added 
A  greenish  colored  precipitate  was  formed  which  was  filtered 
off  and  found  to  be  completely  soluble  in  ether  and  soluble 
to  a  considerable  extent  in  strong  alcohol. 

These  experiments  suggested  that  the  light-colored  lead  com- 
potmd  which  was  thought  to  contain  the  poison  could  be  purified 
by  extraction  with  ether  in  a  Soxhlet  apparatus  more  conven- 
iently than  by  the  tedious  process  of  fractional  precipitation. 
Further  preliminary  experiments  showed  that  50  per  cent 
alcohol  extracted  from  the  original  material  all  of  the  substance 
or  substances  which  gave  the  light-colored  precipitate  and 
dissolved  only  a  small  amount  of  the  tar. 

Some  of  the  crude  material  (288  grams)  was  then  extracted 
several  times  with  50  per  cent,  alcohol  and  filtered ;  the  insoluble 
tar  was  washed  and  saved  for  examination.  To  the  filtrate 
was  added  an  excess  of  a  solution  of  lead  acetate  in  50  per  cent 
alcohol.  The  large  precipitate,  which  will  be  designated  as 
"Precipitate  A,"  was  filtered  and  drained  by  suction  in  a 
Buchner    funnel.    The    alcoholic    filtrate,    "A,"    was    saved. 
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Precipitate  A  was  extracted  with  ether  in  Soxhlet  extractors 
until  the  ether  came  over  practically  colorless,  the  operation 
being  interrupted  from  time  to  time  to  stir  up  the  precipitate 
in  the  thimble.  The  green-colored  ether  solution  was  saved 
for  future  examination.  The  lead  precipitate,  after  extraction 
with  ether  and  drying,  weighed  about  116  grams.  A  portion  of 
this  lead  compound  was  decomposed  by  hydrogen  stdphide  in 
a  mixttire  of  water  and  ether  which  was  well  shaken  during  the 
operation.  The  ether  was  separated,  filtered,  and  evaporated 
tmder  diminished  presstire  without  heat,  and  there  remained 
a  yellow  oily-looking  residue  having  a  pleasant  odor.  When 
the  ether  and  water  were  completely  removed  in  a  vacuum 
desiccator,  a  hard,  brittle,  yellow  resin  weighing  about  16  grams 
was  obtained.  It  was  soluble  in  alcohol,  had  a  strong  acid 
reaction,  and  was  free  from  nitrogen^  and  sulphur.  The  nitrogen 
tests  were  made  by  the  Lassaign  and  soda-Ume  methods,^  and 
the  sulphtir  test  was  made  with  soditmi  nitroprusside  after 
fusing  the  residue  with  sodium.  The  main  portion  of  the  lead 
compound  was  decomposed  under  alcohol  by  hydrogen  sulphide, 
filtered,  and  the  alcoholic  filtrate  evaporated  in  vacuo.  The 
same  yellow  add  resin  was  obtained.  Experiments  continuing 
through  several  weeks  were  made  in  applying  solutions  of  this 
resin  to  rats,  rabbits,  and  guinea-pigs.  Finding  it  to  be  with- 
out effect  upon  these  animals,  it  was  tried  on  Dr.  Syme  and 
found  to  be  not  poisonous.^  In  the  meantime  the  resin  was 
being  studied  in  the  laboratory. 

GALLIC   ACID. 

An  alcoholic  solution  of  the  resin  was  just  neutralized  with 
potassium  hydroxide.  During  the  titration,  the  solution  rapidly 
became  dark  brown.  After  neutralization  it  was  shaken  with 
ether;  the  water  solution  remained  brown  while  the  ether  layer 

1  Nitrogen  was  fotmd  very  readily  by  the  soda-lime  test  in  the  tar 
left  after  extracting  the  original  material  with  50  per  cent,  alcohol,  but 
was  not  fotmd  by  the  Lassaign  test. 

»  Stevens,  Amer.  Joum.  of  Pharm.^  Ixxvii,  p.  255,  1905. 

*  Whenever  it  is  stated  in  this  paper  that  a  solution  was  poisonous  or 
not  poisonous,  the  test  was  made  by  Dr.  Syme  upon  himself. 
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was  nearly  colorless  and  contained  practically  no  dissolved 
substance.  A  portion  of  the  water  solution  of  the  potassium 
salt  on  being  acidified  with  sulphuric  acid  and  standing  over 
night,  deposited  a  slight  precipitate  with  lead  acetate  somewhat 
similar  to  the  original  lead  precipitate,  A,  and  also  slight  pre- 
cipitates with  salts  of  zinc,  mercury,  copper,  and  silver  (with 
reduction).  It  gave  a  bluish-black  color  with  impure  ferrous 
sulphate  and  a  dark  color  with  ferric  chloride.  It  reduced 
ammoniacal  silver  nitrate  and  Fehling's  solution.  These  ex- 
periments indicated  the  presence  of  a  tannin  compound.  An 
alcoholic  solution  of  the  resin  gave  the  same  color  reactions  with 
sr)]?s  noji  as  did  the  potassium  salt. 

Further  tests  with  a  solution  of  the  resin  in  dilute  alcohol, 
and  with  a  water  solution  of  the  acid  precipitated  by  adding 
sulphuric  acid  to  a  solution  of  the  resin  in  potassium  hydroxide 
led  to  the  conclusion  that  the  acid  is  gallic  acid.  These  tests 
were  the  following: 

(i)  Boiling  with  an  excess  of  potassium  hydroxide  gave  a 
black  substance  (tauromelanic  acid). 

(a)    The  acid  was  not  precipitated  by  gelatin, 

(3)  On  addition  of  potassium  cyanide  a  transitory  red 
color  appeared  which  reappeared  on  shaking  with  air. 

GaUic  acid  is  distinguished  from  tannic  acid  by  tests  (3)  and 
(3). 

At  later  st^es  in  the  work  the  potassium,  barium,  and  sodixmt 
salts  of  gallic  acid  were  obtained,  and  finally  the  pure  acid  was 
made  by  decomposing  the  sodium  salt  with  sulphuric  acid  and 
crystalUzing  from  water.  The  melting-point  behavior  of  the 
acid  corresponds  with  that  of  gallic  acid ;  it  melted  with  decompo- 
sition at  about  230°  C. 

For  further  identification,  some  of  the  acid  was  converted 
into  the  ethyl  ester  by  the  method  of  Grimaux.'  The  ester 
obtained  agreed  in  melting  point  and  other  properties  with  the 
ester  described  by  Grimaux.  The  ester  was  ^^made  from 
gallic  add  from  another  source  and  the  esters  ^^B^\ proper- 
ties. A  mixture  of  the  two  esters  melted  £^L  \  ''™'5| 
given  for  the  ethyl  ester  of  gallic  add  (156°- 

'BuU.  cUlaa 
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While  the  tests  leading  to  the  identification  of  gallic  acid 
were  being  made,  another  series  of  experiments  was  in  progress. 
Eleven  and  one-half  grams  of  the  resin  obtained  from  lead 
precipitate,  A,  by  decomposition  with  hydrogen  sulphide  were 
treated  with  -^^  potassiimi  hydroxide  added  from  a  burette  tmtil 
the  acid  was  exactly  neutraUzed.  All  went  into  solution.  On 
shaking  with  ether  some  of  the  potassium  salt  separated  out  and 
was  saved  for  examination.  The  solution  became  dark  brown  on 
exposure  to  air  and  grew  darker  as  the  work  proceeded.*  The 
acid  in  solution  as  a  potassium  salt  was  precipitated  out  in 
fotir  fractions  by  adding  for  each  fraction  one-fourth  the 
amount  of  /^  sulphuric  acid  required  to  neutralize  the  potassium 
hydroxide  used. 

The  precipitates  were  filtered  off  and  examined.  The  first 
was  small  in  amoimt,  gummy,  and  hard  to  filter.  The  solution 
was  shaken  with  ether  after  each'  precipitate  had  been  filtered 
off.  The  succeeding  precipitates  weip  in  better  condition,  but 
were  not  pure.  All  appeared  to  be  impure  gallic  acid  which  had 
become  brown  by  absorption  of  oxygen.  They  were  saved, 
however,  to  be  tested  for  poison.  After  the  last  fraction  had  . 
separated,  the  filtrate  was  shaken  several  times  with  ether  and 
saved  for  further  examination,  which  will  be  described  under 
•*Rhamnose.'*    This  filtrate  is  designated  as  **B." 

A  portion  of  the  resin  obtained  from  the  lead  precipitate.  A, 
was  tested  and  found  to  be  not  poisonous  as  already  mentioned. 
By  this  test,  all  the  substances  contained  in  the  lead  precipitate, 
A,  after  its  extraction  with  ether  in  the  Soxhlet  apparatus, 
were  eliminated  from  the  possible  poisonous  substances. 
The  poison  must,  therefore,  have  been  extracted  by  the 
ether. 

A  portion  of  the  original  poisonous  material  was  treated 
with  50  per  cent,  alcohol  and  filtered  from  insoluble  tar.  The 
filtrate  was  precipitated  in  six  fractions  by  lead  acetate.  The 
last  fractions  were  lighter  in  color  and  apparently  much  purer 
than  the  first.  The  sixth  lead  precipitate  was  decomposed  by  hy- 
drogen  sulphide.  The  light  yellow  water  solution  was  tested  and 
found  to  be  not  poisonous.  It  gave  the  characteristic  reactions 
for  galUc  acid.  The  poison,  if  precipitated  at  all  by  lead  acetate, 
must  have  gone  down  in  one  of  the  preceding  fractions.     Later 
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experiments  showed  that  it  is  brought  down  partly  mechanically 
and  partly  as  a  lead  compotmd  in  the  first  precipitation. 

PISETIN. 

Some  of  the  original  material  was  extracted  with  hot  water  to 
remove  gallic  acid  and  filtered  from  tar  while  hot.  The  filtrate 
had  a  deep  yellow  color.  On  cooling  over  night,  an  olive-green 
precipitate  separated  out  which  was  dried  and  found  to  be  a 
light  powder.  It  was  practically  insoluble  in  cold  water,  solubk 
with  great  difficulty  in  boiling  water  from  which  it  separated 
in  yellow  flakes,  slightly  soluble  in  ether  and  in  acetic  add, 
but  readily  soluble  in  alcohol.  The  solutions  were  not  acid  to 
litmus,  gave  a  dark  color  with  ferric  chloride,  an  orange-red 
precipitate  with  lead  acetate  which  was  easily  soluble  in  acetic 
acid,  and  an  orange  yellow  precipitate  with  stannous  chloride. 
These  properties  and  reactions  indicated  that  the  substance 
was  the  dye-stuff,  fisetin,  and  that  it  occurs  in  the  free  state  in 
this  plant  though  it  is  usually  foimd  as  a  glucoside  of  fisetifl 
combined  with  tannic  acid. 

The  substance  which  separated  from  the  boiling- water  solutioa 
was  fiuther  purified  by  dissolving  it  in  a  small  quantity  of  hot 
water.  On  cooling,  the  yellow  compound  separated  out  in  a 
floccxilent  condition.  Examined  imder  a  microscope,  the  flakes 
appeared  to  be  made  up  of  masses  of  fine  crystals.  The  sub- 
stance was  foimd  to  have  the  characteristic  properties  of  fisetin 
described  by  Schmid,^  and  on  fusion  with  caustic  potash,^  gave 
protocatechuic  acid  and  phloroglucuiol.  These  substances  weie 
identified  by  characteristic  tests. 

RHAMNOSB. 

Schmid  ^  obtained  a  sugar  solution  by  the  decomposition  of 
a  fisetin-glucoside  from  Rhus  cotinus,  and  Parkin  *  obtained  the 
same  from  a  glucoside  in  Rhus  rhodanthema.     They  thought 

>  Ber.  d,  deuisch.  chem,  Gesellsch,,  xix,  p.  1740. 

i  Ibid,,  p.  1747;  Ann.  d.  Chem.  (Liebig),  cxii,  p.  97. 

» Loc.  cit.f  p.  1738. 

*  Jaum.  Chem.  Soc.,  Ixxi,  p.  ii04 
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that  the  sugar  in  both  cases  was  isodulcite,  but  they  did  not 
isolate  it.  Assuming  that  the  free  fisetin  found  in  Rhus  toxi- 
codendron had  its  origin  in  the  decomposition  of  a  fisetin  glucoside 
by  natural  processes,  it  was  reasonable  to  suppose  that  the 
sugar  would  also  be  found  in  the  free  state,  although  with  one 
or  two  possible  exceptions,^  rhamnose  has  not  been  found  except 
as  a  glucoside  body. 

Since  rhamnose  forms  a  lead  compound,  the  sugar,  if  present, 
should  be  foimd  in  the  first  lead  precipitate.  A,  and  also  in  the 
filtrate.  A,  in  case  it  is  not  completely  precipitated  in  the  presence 
of  acetic  acid  and  alcohol. 

The  filtrate,  A,  (about  two  Uters)  was  examined  first.  It  had 
a  light  yellow  color,  contained  an  excess  of  lead  acetate,  and 
was  acid  from  the  acetic  acid  liberated  in  the  precipitation  of 
the  lead  compoimd,  A.2  This  filtrate  was  evaporated  to  dryness 
under  diminished  pressure  to  remove  alcohol,  water,  and  acetic 
acid.  The  clear  distillate  had  a  peculiar  odor  suggesting  both  tea 
and  amyl  formate.  It  was  saved  for  examination  and  was  foimd 
to  be  not  poisonous.  The  residue  in  the  dish  after  evaporation 
was  a  tough,  reddish-brown,  gummy  mass  which  could  be  drawn 
out  into  fine  threads.  It  had  a  pleasant  sweet  odor.  It  was 
extracted  several  times  with  hot  water,  each  portion  being 
filtered.  A  yellow-brown  powder  remained  undissolved  and  was 
saved.  The  combined  filtrates  deposited  more  of  the  yellow 
solid  on  standing.  The  filtered  liquid  was  freed  from  lead  by 
hydrogen  sulphide.  The  solution  then  had  a  lemon-yellow  color, 
a  sweet  odor,  and  was  acid  from  acetic  acid.  On  concentrating 
the  solution  by  evaporation  and  making  a  small  portion  of  it 
alkaUne  with  sodium  hydroxide,  the  yellow  color  became  very 
intense.^  The  alkaline  solution  reduced  Fehling's  solution  and 
ammoniacal  silver  nitrate,  indicating  the  presence  of  a  sugar. 
Another  portion  of  the  solution  gave  a  slight  precipitate  with 

>  Chem,  Zeiiung,  xxiii,  Ref.  p.  177. 

3  On  standing  several  weeks,  a  small  quantity  of  tar  separated  out  on 
the  walls  of  the  vessel ;  also  a  brown  precipitate  which  was  filtered  off, 
suspended  in  water,  and  hydrogen  sulphide  was  being  passed  in,  when  an 
accident  occurred  and  it  was  lost. 

*  ''By  wanning  with  alkalies  or  barium  hydroxide,  rhamnose  is  colored 
ye\\ow,"—Chemie  der  Zuck.^  i,  p.  177,  1904. 
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phenylhydrazin  in  the  cold.  The  remainder  of  the  solutkm 
was  evaporated  to  dryness,  extracted  with  water,  filtered,  and 
again  evaporated.  A  dark  sticky  syrup  was  left  which  was  only 
partly  soluble  in  water.  This  was  treated  with  water,  the  filtrate 
filtered  and  evaporated,  the  water  being  replaced  from  time 
to  time  to  remove  acetic  acid.  Finally  the  liqtiid  gave  the 
following  tests  for  rhamnose,  besides  those  already  mentioned: 
(i)  With  a-naphthoP  and  stdphuric  acid,  a  purple  violet 
color, 

(2)  With  thymol  2  and  sulphuric  acid,   a  red   color. 

(3)  With  resorcinoP  and  sulphuric  acid,  a  red  color. 

(4)  With  orcinol  *  and  hydrochloric  acid,  a  red  color. 

(5)  With  ammonitmi  picrate  and  soditmi  picrate,  a  yellowish 
red  color. 

(6)  With  phloroglucinol  and  hydrochloric  acid,  a  red  color. 

(7)  It  decolorized  an  alkaline  solution  of  potassiimi  feni- 
cyanide. 

(8)  It  gave  a  white  precipitate  with  lead  acetate. 

The  filtrate,  B,  (p.  553)  from  which  gallic  acid  was  precipitated 
by  sulphuric  acid  in  four  fractions  was  saved  to  be  examined  for 
sugar.  To  remove  gallic  acid  completely,  and  other  vegetable 
matter,  it  was  shaken  out  several  times  with  ether,  and  was 
kept  at  a  low  temperature  with  salt  and  ice  for  a  long  time.  It 
was  left  standing  for  several  weeks,  during  which  time  more 
brown  matter  separated  out  and  was  filtered  ofif.  The  filtrate 
was  evaporated  to  a  small  bulk,  cooled,  and  filtered  from  crystals 
of  potassium  stilphate.  The  filtrate  was  evaporated  to  dryness, 
the  residue  taken  up  in  water  and  filtered  through  bone-black. 
Addition  of  alcohol  caused  complete  precipitation  of  potassium 
sulphate.  The  solution  then  gave  the  above  mentioned  charac* 
teristic  tests  for  rhamnose. 

All  attempts  to  get  the  osazone  of  the  sugar  by  the  method 
of  Fischer  failed,  probably  on  accoimt  of  the  small  quantity  of 
sugar  present.      The  plant,  it  will  be  remembered,  was  origin- 


>  Chem,  der  Zuck,,  i,  p.  z88,  1904. 

*Ibid. 

«  Ra3rman,  "Sur  Tlsodulcite, "  Bull,  de  la  soc,  ckim,^  xlvii,  p.  668,  1887, 

*  Garros,  Acidgs  Gummiques. 
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ally  extracted  with  ether  in  which  rhamnose  is  practically 
insoluble.  The  above  described  tests,  however,  can  leave  no 
doubt  as  to  the  identity  of  the  sugar. 

Additional  evidence  that  the  sugar  is  rhamnose  was  obtained 
by  a  method  for  testing  for  the  presence  of  this  sugar  described 
by  Maquenne.  ^  This  method  consists  in  converting  the  sugar 
into  methyl  furfurol  by  distilling  the  substance  to  be  tested  with 
dilute  sulphuric  acid.  The  presence  of  methyl  furfurol  in  the 
distillate  is  shown  by  a  green  color  with  alcohol  and  sulphuric 
acid.  "This  procediu^  is  appUcable  to  extracts  as  well  as  to 
entire  plants,  and  has  the  advantage  that  it  does  not  require  the 
separation  of  isodulcite,  the  crystallization  of  which  is  often 
very  slow,  and  at  times  impossible,  when  it  is  mixed  with  other 
very  soluble  substances."^ 

The  experiment  was  tried  with  the  crude  ether  extract  of  the 
plant  according  to  the  direction  of  Maquenne,  and  the  green 
color  with  alcohol  and  sulphxiric  acid  was  obtained  from 
the  thicker  oily  portion  of  the  distillate.  This  test  can  be  made 
with  hydrochloric  acid  ^  as  well  as  with  stilphuric  acid.  There- 
fore, the  color  test  was  tried  with  the  ester  mixture  prepared 
in  one  of  the  early  experiments  by  boiling  the  original  plant 
material  with  hydrochloric  acid  and  alcohol.  Methyl  furfurol 
was  foimd  here  also,  this  method  indeed  giving  better  results 
than  that  of  Maquenne. 

The  presence  of  free  rhamnose  has  thus  been  shown  in  the 
original  material,  in  the  first  precipitate  by  lead  acetate,  and 
in  the  filtrate  from  this  precipitate.  Experiments  to  be  des- 
cribed imder  **The  Poison"  showed  that  the  ether  extract  from 
the  Soxhlet  apparatus  contained  a  substance  which  yielded 
rhamnose  when  hydrolyzed  by  dilute  sulphuric  acid. 

The  presence  of  free  gallic  acid,  fisetin,  and  rhamnose  in  the 
plant  can  readily  be  explained  by  a  series  of  assumptions  for 
which  there  is  a  considerable  amoimt  of  experimental  evidence. 
There  is  reason  to  believe  that  tannin-like  bodies  are  formed 
at  the  expense  of  chlorophyll,*  that  complex  tannin  bodies  can 

<  Ann,  de  chim.  et  pkys,,  xxii,  p.  93,  1891. 

^Ibid. 

*  Biochem,  d,  Pflanzen,  i,  p.  a  10. 

« CompU  rend,  de  F  Acad,  des  set.,  cxv,  p.  89a. 
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be  broken  down  by  acetic  acid  (also  found  in  Rhus  toxicodendron) 
into  a  tannic  acid  and  a  glucoside  (for  example,  *'  fustin-tannide"* 
yields  tannic  acid  and  fisetin  glucoside);  and  finally  that  the 
glucoside  can  be  hydrolyzed  by  acids  or  enzymes  giving,  in  the 
sumach  plants,  fisetin  and  rhamnose. 

Nitrogenous  ferments  which  can  effect  the  hydrolysis  of 
glucosides  and  give  rise  to  sugars  are  frequently  found  in  plants, 
for  example,  emulsin  in  almonds,  myrosin  in  mustard,  and 
erythrozym  in  madder.  Acree  and  Hinkins^  found  that  as- 
tase,  pancreatin,  and  a  number  of  other  enzymes  cause  the 
hydrolysis  of  triacetyl  glucose  with  the  formation  of  glucose 
and  acetic  acid.  Stevens^  obtained  a  nitrogenous  oxidizing 
enzyme  from  Rhus  vcnticijera.  The  close  relationship  between 
the  poisonous  species  of  Rhus  would  lead  us  to  suppose  that 
the  same  soluble  ferment  exists  in  poison  ivy,  though  it  was  not 
detected  in  the  original  material  used  in  these  experiments, 
probably  because  the  plant  was  extracted  with  ether  in  which 
the  enzyme  is  insoluble.  The  existence  of  such  a  soluble  ferment 
would  explain  the  presence  of  free  sugar  and  free  fisetin. 

THE  POISON. 

Some  of  the  original  poisonous  material  (288  grams)  was 
extracted  with  50  per  cent,  alcohol,  and  this  alcoholic  solution 
was  precipitated  with  lead  acetate  in  the  manner  already 
described  (p.  550).  The  lead  precipitate  so  obtained  was  ex- 
tracted with  ether  in  Soxhlet  extractors  and  after  the  extraction 
was  found  by  test  to  be  free  from  poison.  Therefore  the  poison, 
if  precipitated  by  the  lead  acetate,  must  have  been  extracted 
by  the  ether.  This  ether  solution  had  a  dark  green  color,  and 
was  acid  from  acetic  acid  brought  down  in  the  lead  precipitate. 
The  ether  was  evaporated  in  a  vacuum  desiccator  without  heat 
and  there  remained  a  small  quantity  of  an  acid  mixture  of 
water  and  a  soft  tar;  the  watery  part  was  colored  green  showing 
that  the  tar  was  soluble  to  some  extent  in  dilute  acetic  acid. 
The  mixture  had  the  peculiar  odor  of  the  original  material. 

»  Schmid,  loc.  cit.^  p.   1736. 

i  Affier,  Che^n.  Joum.,  xxviii,  p.  370. 

^  Amer,  Journ.  of  Pharm.,  Ixxvii,  p.  255,  1905;  Ixxviii,  p.  53,  1906. 
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A  small  drop  of  the  green  watery  part  was  applied  to  the  wrist, 
allowed  to  remain  a  few  minutes  and  was  then  removed  by 
absorbent  paper,  but  the  spot  was  not  washed.  Itching  and 
reddening  of  the  skin  commenced  within  twenty-four  hours. 
At  the  end  of  forty-eight  hours  there  was  a  well  developed 
case  of  poisoning.  This  was  cured  by  immersing  the  arm  in 
a  hot  solution  of  potassium  permanganate. 

A  small  portion  of  the  poisonous  mixture  was  dissolved  in 
alcohol,  and  this  solution  was  divided  into  three  parts.  The 
first  part  was  treated  with  ferric  chloride  but  it  gave  no  color 
reaction.  Another  portion  of  the  alcoholic  solution  was  diluted 
with  water.  It  became  turbid.  The  third  portion  gave  a 
dirty-green  precipitate  with  lead  acetate,  which  seemed  to  come 
down  more  readily  when  the  solution  was  diluted-with  water. 
The  main  portion  of  the  poisonous  mixture  was  then  dissolved  in 
95  per  cent,  alcohol,  and  lead  acetate  in  50  per  cent,  alcohol 
was  added.  The  precipitate  was  filtered,  washed,  and  decomposed 
by  hydrogen  sulphide  in  a  mixture  of  water  and  ether.  The 
ether  solution  was  filtered  and  evaporated.  The  residue  was 
a  tar  which  on  standing  in  a  desiccator  for  some  time  became 
dry  enough  to  break  into  sticky  lumps.  An  alcoholic  solution 
of  this  substance  gave  a  dark  color  with  ferric  chloride  and  a 
light-colored  precipitate  with  lead  acetate. 

To  get  more  of  the  poisonous  tar  for  study,  233  grams  of 
original  material  were  extracted  with  95  per  cent,  alcohol. 
Strong  alcohol  was  used  in  order  to  dissolve  as  much  of  the  tar  as 
possible.  The  solution  had  a  dark  greenish  color  but  was  some- 
what yellow  in  thin  layers.  The  imdissolved  tar  was  filtered 
off  and  extracted  twice  again  in  the  same  way.  The  tar  left 
after  the  third  extraction  was  only  slightly  soluble  in  alcohol, 
and  its  solution  was  not  poisonous.  The  three  filtrates  from 
these  three  extractions  were  precipitated  separately  by  lead 
acetate  in  50  per  cent,  alcohol.  The  first  precipitate  was 
largest,  darkest  in  color,  and  carried  down  the  most  tarry 
matter.  The  second  was  light  green.  The  third,  which  was 
quite  small,  was  black,  and  was  not  a  lead  compound  at  all, 
but  some  of  the  tar  which  separated  out  on  diluting  the 
strong  alcohol  with  the  weaker  containing  lead  acetate.  It 
was  soluble   in   ether  and  less   soluble  in  alcohol.     The  alco- 


560  On  the  Composition  of  Toxicodendrol 

holic  solution  of  this  third  lot  gave  no  precipitate  with  hydrogen 
sulphide.  The  first  and  second  lead  precipitates  were  filtered 
by  suction  and  washed  with  water.  They  were  kept  a  day  or 
two  in  a  desiccator  over  stdphuric  acid  but  did  not  become 
completely  dry.  The  weight  of  these  two  moist  precipitates 
together  was  172  grams.  They  were  combined  and  extracted 
with  ether  in  Soxhlet  extractors  which  were  kept  in  operation 
during  work  hours  for  three  days. 

In  the  meantime  the  alcoholic  filtrates  from  these  lead  pre- 
cipitates were  combined  and  concentrated  on  the  water-bath  by 
distilling  off  two  Uters  of  alcohol.  The  alcohol  obtained  had  the 
peculiar  odor  of  the  original  material,  but  was  not  poisonous. 

After  a  long  extraction  of  the  lead  precipitate  in  the  Soxhlet 
extractors,  the  green  ether  solutions  were  combined  and  washed 
by  shaking  them  with  water  to  remove  lead  acetate  and  acetic 
acid  in  case  any  should  have  been  held  in  the  lead  precipitate. 
The  ether  was  distilled  off  at  a  low  temperature  and  there 
remained  a  soft  tar,  a  portion  of  which  was  not  completely 
soluble  in  95  per  cent,  alcohol.  The  alcoholic  solution  had  a 
greenish-yellow  color  and  was  poisonous.  The  tar  was  also 
partly  soluble  in  acetic  acid,  and  this  solution  w^as  found  to 
contain  lead.  Thinking  that  the  lead  acetate  had  not  been  com- 
pletely washed  out,  the  main  part  of  the  tar  'was  dissolved  in 
ether  and  shaken  with  water.  The  wash  water  continued  to 
give  a  test  for  lead  as  long  as  the  washing  was  continued.  This 
indicated  probably  the  hydrolysis  of  an  unstable  lead  compound. 
Hydrogen  sulphide  was  passed  into  the  ether  solution  mixed 
with  water  to  remove  the  lead.  Lead  sulphide  was  filtered  off, 
and  the  ether  was  evaporated.  A  small  portion  of  the  tar 
residue  in  alcoholic  solution  gave  a  color  reaction  with  ferric 
chloride.  As  this  may  have  been  due  to  traces  of  tead  gallate 
dissolved  in  the  extraction  with  ether  and  afterwards  decomposed 
by  hydrogen  sulphide,  the  main  portion  of  the  tar  was  redis- 
solved  in  ether  and  shaken  with  water  xmtil  it  no  longer  reacted 
with  ferric  chloride.  The  ether  was  then  evaporated  and  a  soft, 
black,  poisonous  tar  or  g\xm  of  tmiform  consistency  was  left 
which  was  shown  by  tests  to  be  free  from  gallic  acid  and  lead 
These  experiments  showed  that  some  of  the  poison  was  pre» 
cipitated  as  a  lead  compound,  soluble  in  ether,  and  some  wik 
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brought  down  mechanically  in  the  free  state.  To  see  if  the 
extraction  with  ether  in  the  Soxhlet  apparatus  was  complete, 
the  residue  in  the  thimbles  was  decomposed  by  hydrogen  sulphide 
and  shaken  with  ether.  The  dark-colored  ether  solution  was 
freed  from  gaUic  acid  by  shaking  with  water  and  dilute  sodium 
carbonate  solution,  and  was  evaporated.  A  small  quantity  of 
tar  was  obtained  which  was  added  to  the  main  portion. 

A  solution  of  the  poisonous  tar  in  95  per  cent,  alcohol  did 
not  reduce  Fehling's  solution  and  did  not  give  a  precipitate 
with  lead  acetate  except  the  separation  of  a  small  quantity  of 
tar,  which  was  not  a  lead  compoimd.  The  lead  compound  of 
the  poison  was  apparently  soluble  in  95  per  cent,  alcohol  as 
well  as  in  ether,  for  it  wotild  not  precipitate  in  this  medium, 
although  it  was  found  in  the  original  precipitate  by  lead  acetate. 
The  alcoholic  solution  of  the  tar  became  turbid  on  diluting  with 
water. 

In  order  to  see  if  the  poison  is  volatile  with  vapor  of  acetic 
acid,  since  this  acid  is  foimd  in  the  plant  and  it  is  thought  by 
some  that  the  poison  is  volatile,  a  portion  of  the  tar  was  dis- 
tilled under  diminished  pressure  with  acetic  acid.  It  was  soluble 
to  some  extent  in  the  acid.  The  temperature  did  not  go  higher 
than  SS°C.  during  the  distillation.  A  tube  containing  cotton 
wet  with  sweet  oil  was  placed  between  the  receiver  and  the 
water  suction  so  that  the  uncondensed  vapors  would  have  to 
pass  through  the  cotton.  This  cotton  was  rubbed  on  the  skin 
and  was  not  poisonous.  The  yellow  distillate  collected  in  the 
receiver  was  also  tested  and  was  not  poisonous. 

HYDROLYSIS  OP  THE  POISON. 

About  s  grams  of  the  tar,  free  from  galUc  acid  and  sugar,  were 
dissolved  in  alcohol,  and  dilute  (2  per  cent.)  sulphuric  acid  was 
added.  Some  of  the  tar  separated  out  on  diluting  the  alcohol 
with  the  acid.  The  mixture  was  heated  on  a  water-bath  during 
work  hours  for  four  days.  A  pxirple  and  green  fluorescent 
solution  was  formed,  though  much  tar  was  left  apparently 
unchanged.  The  alcohol  was  evaporated  off  and  the  solution 
was  filtered  from  tar.  The  fluorescent  filtrate  was  shaken 
with  ether,  by  which  the  green  substance  was  removed,  leaving 
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the  solution  purple.  The  ether  left,  on  evaporation,  a  small 
quantity  of  a  green  substance  having  a  pleasant  ester  odor.  It 
was  not  further  examined.  A  portion  of  the  purple  solution 
was  exactlv  neutralized  with  sodium  carbonate.  This  solution 
gave  a  blue-black  color  with  ferric  chloride,  which  became  red  on 
addition  of  another  drop  of  sodium  carbonate,  indicating  gallic 
acid.     It  also  reduced  Fehling's  solution. 

Another  portion  of  the  purple  solution  was  made  alkaline 
with  sodium  carbonate.  A  reddish-brown  flocculent  precipi- 
tate was  formed  and  was  filtered  off.  The  filtrate  did  not  give 
any  color  with  ferric  chloride,  but  it  reduced  Fehling's  solution. 
It  also  gave  the  test  for  rhamnose  with  a-naphthol. 

The  main  portion  of  the  purple  solution  was  made  alkaline 
with  sodium  carbonate;  the  precipitate  was  filtered  off  and 
dissolved  in  acetic  acid.  The  solution  was  yellow  and  gave 
a  reaction  with  ferric  chloride  similar  to  that  of  gallic  acid. 
The  filtrate  from  the  precipitate  by  sodium  carbonate  was  con- 
centrated by  evaporation  until  sodium  sulphate  began  to  cr>'s- 
tallize  out.  Alcohol  was  added  to  precipitate  the  sodium 
sulphate  completely;  the  mixture  was  heated  and  filtered.  The 
alcoholic  filtrate  was  concentrated  to  a  syrup  which  reduced 
Fehling's  solution  and  gave  the  characteristic  tests  for  rhamnose 
already  described.  By  this  hydrolysis,  the  tar  was  split  up 
into  rhamnose  and  some  form  of  gallic  acid  which  could  be  pre- 
cipitated by  sodium  carbonate.  This  compound,  whose  acetic 
acid  solution  was  yellow,  probably  contained  fisetin  also.  The 
reason  for  this  last  statement  will  appear  from  the  following 
experiment. 

DECOMPOSITION   OF  THE   POISON   WITH   ACETIC   ACID. 

A  portion  of  the  poisonous  tar  was  heated  in  an  open  dish 
with  strong  acetic  acid.  The  tar  seemed  to  be  decomposed  to 
some  extent,  giving  a  yellow  substance.  Acetic  acid  was 
added  from  time  to  time  as  it  evaporated.  After  several  evapora- 
tions, water  was  added,  the  mixture  was  heated  to  boiling  and 
filtered.  This  filtrate,  No.  i,  will  be  mentioned  later.  The 
residue  in  the  dish  consisted  of  imdecomposed  tar  and  an  olive- 
green,  flaky  substance.     This  substance  was  heated  with  a  fresh 
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portion  of  glacial  acetic  acid.  Water  was  added,  and  the 
mixttire  was  boiled  and  filtered.  The  filtrate  had  a  deep  yellow 
color  suggesting  fisetin.  It  was  shaken  out  with  ethyl  acetate 
which  became  colored  yellow.  A  portion  of  the  ethyl  acetate 
solution  gave  an  orange-red  precipitate  with  lead  acetate,  show- 
ing the  presence  of  fisetin.  The  ethyl  acetate  was  removed 
from  the  remainder  of  the  solution  by  evaporation  and  the 
yellow  residue  was  taken  up  in  alcohol.  This  alcoholic  solution 
gave  the  characteristic  reactions  for  fisetin  with  stannous 
chloride,  with  potassium  hydroxide,  with  ferric  chloride,  and 
with  Fehling's  solution. 

Filtrate  No.  i,  obtained  by  heating  the  poisonous  tar  with 
acetic  acid  and  hot  water  as  described  above,  was  investigated 
as  follows:  A  portion  of  it  gave  a  reddish-colored  precipitate 
with  sodium  carbonate  as  in  the  case  when  the  tar  was  hydro- 
lyzed  with  sulphuric  acid.  The  remainder  was  nearly  neutral- 
ized with  sodium  carbonate  and  lead  acetate  was  added  in 
excess  to  remove  gallic  acid.  The  excess  of  lead  was  removed 
by  sulphxuic  acid,  and  the  sulphuric  acid  was  removed  by 
barium  carbonate.  The  solution  on  evaporation  reduced  Feh- 
ling*s  solution  to  some  extent,  but  a  white  precipitate  was  also 
formed. 

In  this  experiment,  gallic  acid  and  fisetin  and  probably  sugar 
were  formed  by  decomposition  of  the  poisonous  gum  with  acetic 
acid,  the  acid  found  in  the  plant  by  Pfaflf .  The  presence  of  free 
gallic  acid,  fisetin,  and  rhamnose  in  the  plant  can  be  explained 
by  the  natural  hydrolysis  of  a  complex  gum  or  tar  or  a  con- 
stituent thereof. 

The  poisonous' property  is  lost  in  the  general  rearrangement 
which  takes  place  during  hydrolysis. 

The  poisonous  tar  was  not  hydrolyzed  by  boiling  with  a 
dilute  solution  of  sodium  carbonate. 

It  was  foimd,  as  has  been  stated  elsewhere,  that  the  lead 
compoimd  of  the  poison  could  not  be  precipitated  in  95  per 
cent,  alcohol.  Further  experiments,  however,  showed  that  on 
extracting  the  poisonous  gum  with  50  per  cent,  alcohol,  a 
portion  of  it  dissolved,  and  this  solution  gave  a  precipitate 
with  lead  acetate  which  was  a  true  lead  compotmd.  The  re- 
mainder of  the  purified  tar  (about  10  grams)  was  treated  with 
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50  per  cent,  alcohol  and  filtered.    Very  little  dissolved  in  alcobd 
of  this  strength,  but  on  addition  of  lead  acetate,  in  50  per  cent 
alcohol,  to  the  solution,  a  light-colored  precipitate  was  formed, 
which  became  dark  on  standing.     It  was  filtered  off,  washed 
free  from  lead  acetate,  decomposed  by  hydrogen  sulphide,  and 
shaken  out  with  ether.    The  ether  left,  on  evaporation,  a  yellow 
resinous  substance  having  a  faint  odor  like  garlic.     By  drying  in 
a  desiccator,  a  small  quantity  of  solid  yellow  resin  was  obtained 
which  was  completely  soluble  in  alcohol.     A  very  small  drop 
of  this  solution  appUed  to  the  skin  on  the  end  of  a  glass  rod 
which  had  been  drawn  out  to  a  point  caused  an  eruption  in 
about  thirty-six  hours.     Following  the  nomenclature  used  by 
Maisch  and  Pfaff,  this  substance  will  be  designated  as  Toxico- 
dendrin,  the  ending  **in"  indicating  its  glucoside  nature. 

The  filtrate  from  the  lead  precipitate  just  described  was  freed 
from  the  excess  of  lead  acetate  by  hydrogen  sulphide,  was 
tested  for  poison,  and  was  found  to  be  poisonous,  showing  that 
the  precipitation  by  lead  acetate  was  not  complete  even  in  50 
per  cent,  alcohol.  On  spontaneous  evaporation  of  the  solution, 
a  yellow,  sweet-smelling  resin  was  left. 

A  portion  of  the  alcoholic  solution  of  the  toxicodendrin  gave 
a  dark  coloration  with  ferric  chloride,  did  not  reduce  Fehling's 
solution,  and  was  slightly  acid  to  litmus. 

To  see  whether  the  toxicodendrin  could  be  hydrolyzed,  the 
remainder  was  dissolved  in  alcohol  and  dilute  sulphuric  add 
was  added.  A  fine  white  precipitate  was  formed  at  once  which 
rose  to  the  surface  on  standing  as  a  light  flocculent  substance. 
The  mixture  was  heated  for  several  days  on  a  water-bath,  filtered 
from  imhydrolyzed  resin,  and  the  filtrate  was  neutralized  and 
concentrated  in  the  way  already  described.  The  solution  ob- 
tained reduced  Fehling's  solution.  Not  enough  was  obtained 
for  further  sugar  tests,  but  all  the  hydrolysis  experiments  point 
to  the  conclusion  that  the  poisonous  substance  is  a  rhamnoside, 
and  is  the  source  of  the  sugar  in  the  plant. 

The  reaction  with  ferric  chloride,  observed  whenever  a  lead 
compotmd  of  the  poison  is  decomposed  by  hydrogen  sulphide, 
may  be  explained  by  the  formation  of  traces  of  gallic  acid  or 
fisetin  through  the  action  of  the  weak  acids  present. 

The  supply  of  ptirified  poisonous  tar  having  been  exhausted 
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in  the  preceding  experiments,  further  study  of  the  active  princi- 
ple is  postponed  until  more  can  be  prepared.  It  is  highly 
desirable  to  investigate  the  white  precipitate  formed  by  addition 
of  sulphuric  acid  to  an  alcoholic  solution  of  the  toxicodendrin. 

OXIDATION  OP  THE  POISON  WITH  NITRIC  ACID. 

When  the  purified  poisonous  material  (p.  556)  was  extracted 
with  so  per  cent,  alcohol,  only  a  small  quantity  was  dissolved, 
as  was  stated  above.  The  insoluble  residue  was  treated  with 
ftmiing  nitric  acid.  Violent  reaction  took  place  at  once  with 
copious  evolution  of  red  fumes  and  heat.  When  the  reaction 
was  over,  a  sticky  red  gummy  mass  was  left  which  was  slightly 
soluble  in  warm  alcohol.  The  water  extract  was  yellow,  and 
the  alcoholic  solution  was  red.  That  the  water  extract  con- 
tained picric  acid  was  shown  by  the  following  experiments: 

(i)  A  portion  was  gently  warmed  with  a  few  drops  of  a 
strong  solution  of  potassium  cyanide  and  two  drops  of  sodium 
hydroxide.  The  red  color  of  potassiimi  isopurpurate  was 
formed. 

(2)  A  portion  of  the  water  solution  was  heated  with  glucose 
and  a  few  drops  of  sodium  hydroxide.  The  deep  red  color  of 
picraminic  acid  was  produced. 

(3)  A  few  drops  of  an  ammoniacal  solution  of  copper  sul- 
phate were  added  to  the  water  extract.  A  yellow-green  pre- 
cipitate was  formed. 

(4)  The  water  extract  dyed  silk,  but  did  not  dye  cotton 
cloth. 

DISTILLATION  OP  THB  TAR  WITH  SODA-LIMB. 

About  25  grams  of  the  tar  left  after  extracting  the  original 
material  with  hot  water  were  dissolved  in  ether  and  poured  into 
a  glass  retort  containing  soda-lime.  The  ether  was  distilled 
out,  leaving  the  tar  intimately  mixed  with  the  soda-lime.  The 
retort  was  then  gradually  heated.  Vapors  and  liquid  were 
given  off,  both  of  which  turned  red  litmus  blue  and  had  a  strong 
odor  like  tobacco  smoke.  No  odor  of  ammonia  was  detected.  ^ 
At  the  high  temperature  of  the  triple  burner,  a  semi-solid,  red, 

>  See  Amsr,  Joum.  of  Pharm,,  Ixxvii,  p.  256. 
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greasy  substance  collected  in  and  closed  the  condenser  tube. 
This  substance  had  the  same  powerful  odor  as  the  liquid  portion 
of  the  distillate.  The  clear,  watery  pK>rtion  of  the  distillate 
was  separated  from  the  thicker  parts,  and  was  found  to  contain 
pyrrol  and  pyridin  derivatives  by  the  following  characteristic 
tests: 

(i)  Wood  moistened  with  hydrochloric  acid  was  turned  red 
by  it. 

(2)  Colorless  fumes  were  formed  when  brought  near  hydro- 
chloric acid;  mixed  with  hydrochloric  acid,  a  red  insoluble  sub- 
stance was  formed. 

(3)  It  precipitated  the  hydroxides  of  iron,  gave  a  light  blue 
precipitate  with  copper  sulphate,  and  a  white  precipitate  with 
mercuric  chloride. 

The  greasy,  semi-solid  mass  was  extracted  with  10  per  cent 
hydrochloric  acid  and  filtered.  On  addition  of  a  solution  of 
mercuric  chloride  to  the  red  filtrate  a  brown  fiocculent  precipitate 
was  formed.  It  was  filtered  off  and  distilled  with  caustic  soda, 
but  the  distillate  did  not  contain  pyridin. 

OXIDATION     OP     THE    NON-POISONOUS    TAR     WITH      NITRIC     ACID. 

Eight  grams  of  the  neutral  tar,  from  which  the  poison  had  been 
extracted  by  means  of  50  per  cent  alcohol,  was  heated  with  20 
c.c.  of  concentrated  nitric  acid  for  a  few  hours.  The  black  tar 
turned  yellow,  with  much  foaming  and  with  the  evolution  of  great 
volimies  of  oxides  of  nitrogen.  When  the  nitric  acid  was  neariy 
all  evaporated  25  c.c.  of  ftmiing  nitric  acid  was  added.  Again 
a  very  vigorous  action  took  place.  The  mixture  was  heated 
several  hours  and  the  nitric  acid  was  poured  off.  The  residual 
gum  (A)  was  extracted  several  times  with  hot  water  and  the 
extracts  were  combined.  These  water  extracts  were  shaken 
out  several  times  with  ether.  The  combined  ether  extracts 
were  evaporated  to  a  small  voltmie  and  this  was  allowed  to 
evaporate  spontaneously.  The  ether  left  a  residue  of  a  mixture 
of  yellow  crystals  of  picric  acid  (B),  and  of  white  crjrstals  of 
another  acid  (C).     These  crystals  were  separated  mechanically. 

The  picric  acid  (B)  formed  a  red  ammonitmi  salt  and  gave  the 
following  tests : 

I.     It  dyed  wool,  but  not  cotton. 
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2.  A  portion  was  gently  warmed  with  a  few  drops  of  a  strong 
solution  of  potassium  cyanide  and  three  drops  of  10  per  cent, 
potassiimi  hydroxide  solution.  The  red  color  of  potassium 
isoptirpurate  was  formed. 

3.  A  portion  was  heated  in  water  solution  with  glucose 
and  a  few  drops  of  10  per  cent,  sodium  hydroxide  solution. 
The  deep  red  color  of  picraminic  acid  salts  was  formed, 

4.  A  few  drops  of  an  ammoniacal  solution  of  copper  sulphate 
were  added  to  a  water  solution  of  the  picric  acid.  A  yellow- 
green  precipitate  was  formed. 

The  white  acid  (C)  was  dissolved  in  sodium  hydroxide  so- 
lution and  to  this  a  solution  of  hydrochloric  acid  was  added 
slowly.  A  precipitate  of  the  acid  was  formed,  which,  when  dry^ 
melted  unsharply  at  ioo°-ios**  C.  This  acid  is  soluble  in  hot 
water  and  gives  a  yellow  precipitate  with  ferric  chloride  so- 
lutions, but  not  a  dark  color.  It  does  not  reduce  Fehling's  solu- 
tion, nor  does  it  give  the  red  color  of  picraminic  acid  salts  when 
warmed  in  water  solution  with  glucose  and  sodium  hydroxide. 

The  g^m  (A)  was  treated  with  ether  and  sodium  hydroxide 
solution  in  a  separatory  funnel  to  remove  any  acids  from  the 
gum.  The  alkaline  layer  turned  dark  brown;  it  was  separated 
from  the  ether,  warmed  to  remove  the  dissolved  ether,  and  acidi- 
fied. A  precipitate  of  about  3  grams  of  a  solid  acid  was  formed. 
This  acid  was  dissolved  in  50  c.c.  of  absolute  alcohol  containing 
2  grams  of  hydrochloric  acid  and  the  solution  was  boiled  three 
hours  under  a  return  condenser  to  convert  the  organic  acid  into 
an  ester.  This  alcoholic  ester  solution  was  poured  into  200  c.c. 
of  water,  and  the  mixture  was  shaken  out  several  times 
with  ether  to  remove  the  ester.  The  ethereal  solution 
of  the  ester  was  shaken  out  several  times  with  10  per 
cent  sodium  hydroxide  solution  to  remove  any  acids,  and 
was  then  separated  and  dried  with  anhydrous  soditim  sulphate. 
The  ether  was  distilled  ofiE  and  the  residue  of  esters  was  fraction- 
ated at  a  pressure  of  18  millimeters.  One  fraction,  about  2 
grams,  distilled  at  iSo^'-iyo®  C.  and  another,  about  0.5  gram, 
came  over  at  lyo^'-ipo*'  C.  Both  of  these  fractions  had  a  delight- 
ful ester  odor,  and  both  gave  precipitates  of  potassitmi  salts 
when  they  were  saponified  by  hot  alcoholic  potassitim  hydroxide. 
These  esters  and  their  acids  will  be  investigated  further. 
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HYDROLYSIS     OP     THE      NON-POISONOUS      TAR      WITH      ALCOHOUC 

POTASSIUM    HYDROXIDE. 

Some  of  the  neutral  tar  (78  grams)  was  boiled  48  hours  with 
the  same  weight  of  potassitmi  hydroxide   in   sufficient  90  per 
cent,  alcohol  to  dissolve  the  solids.   The  solution  was  then  evapo- 
rated in  a  dish  to  remove  all  of  the  alcohol,  and  the  readue 
remained    undisturbed     several    months.        The    residue   was 
then  warmed  for  some  time  with  500  c.c.  of  water  to  dissolve 
any  potassium  salts  and  was  filtered.     The   very  dark  filtrate 
was  shaken  out  with  ether  and  by  this  means  a  large  amount 
of  tarry  matter  was  removed  from  the  alkaline  solution.    The 
water  solution  was  separated  and  warmed  to  remove  the  ether. 
and  was  then  acidified.     A  copious  green-black  precipitate  (A) 
was  formed  and  was  filtered  off.     The  filtrate  had  a  fine  bhe- 
green  color  by  reflected  light  and  a  purplish-green  fluorescence 
by  transmitted  light.     When  part  of  this  blue-green  solution 
was  shaken  out  with  ether,  part  of  the  substance  (B)  was  ex- 
tracted.    The  main  portion  of  the  solution  was  evaporated  to  a 
small  volume  and  cooled.     A  small  precipitate  (C)  was  formed 
which  was  apparently  identical  in  color  and  behavior  with  the 
acid  (A).     This  small  precipitate  was  soluble  in  hot  water  and 
in  ether  and  formed  a  blue-green  solution  in  both  solvents.    The 
chief  green-black  acid  (A)  was  redissolved  in  sodium  hydroxide 
solution  and  precipitated  by  sulphuric  acid.     It  came  out  again 
as  a  green-black  solid  which  was  filtered;  the  filtrate  was  colored 
blue-green  as  above.     The  precipitate  was  soluble  in  hot  water, 
alcohol,  and  ether  and  formed  blue-green  solutions. 

The  green  substance  in  the  filtrate  from  C  and  the  substance 
in  the  ether  extract  (B)  gave  identical  color  tests  as  the  following 
experiments  will  show: 

The  substance  (B)  was  dissolved  in  soditmi  hydroxide  and 
formed  a  brownish  solution  which  was  used  for  the  following 
tests: 

I.  The  alkaline  solution  (B)  was  not  changed  in  color  when 
heated  with  glucose  or  potassium  cyanide. 

a.  Nitric  acid,  when  added  to  an  equal  voliune  of  the  salt 
solution  (B),  gave  at  first  a  blue-green  color,  which  changed  ta 
rose-red  when  heated,  and  the  solution  finally  became  colorless. 
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3.  When  hydrochloric  acid  was  added  to  the  alkahne  so- 
lution (B),  the  color  changed  to  blue-green,  which  did  not  change 

'  on  boiling.  When  a  small  piece  of  potassium  chlorate  was  added 
to  the  hot  solution,  the  color  became  rose-red  and  finally  the 
solution  became  colorless. 

4.  When  hydrochloric  acid  and  zinc  dust  were  added  to  the 
alkaline  solution  (B) ,  the  green  color  disappeared  when  the 
mixture  was  heated  some  time.  The  colorless  solution  was 
treated  with  a  small  piece  of  potassium  chlorate  and  heated; 
the  colorless  solution  became  rose-red  and  afterwards  colorless. 
This  colorless  solution  was  again  reduced  with  zinc  dust  and 
hydrochloric  acid  at  boiling  temperature  and  the  zinc  dust  was 
removed  by  filtration;  the  filtrate  was  again  treated  with  two 
drops  of  hydrochloric  acid  and  a  grain  of  potassitim  chlorate 
and  heated,  but  no  rose-red  color  appeared. 

5.  When  some  of  the  alkaline  solution  (B)  was  treated  with  a 
small  crystal  of  potassium  permanganate,  the  solution  turned 
green  and  manganese  dioxide  precipitated  out.  The  solution 
was  then  made  acid  with  acetic  acid  and  boiled  with  some  alco- 
hol; a  colorless  solution  resulted. 

6.  Some  of  the  alkaline  solution  (B)  was  treated  with  hy- 
drochloric acid  and  a  small  crystal  of  potassiimi  bichromate 
was  added  and  the  solution  boiled.  The  color  changed  from 
green  to  dark  rose-red  and  then  to  the  yellowish  red  of  acid 
chromate  solutions. 

7.  When  some  of  the  alkaline  solution  (B)  was  heated  with 
hydrogen  peroxide  solution,  no  change  in  color  took  place ;  but 
when  this  solution  was  treated  with  hydrochloric  acid  andwarmed^ 
the  color  became  faint  rose-red  and  afterwards  light  green.  The 
light  green  color  did  not  disappear  on  boiling,  but  did  so  when 
a  small  piece  of  potassitim  chlorate  was  added,  as  above  in  3. 

8.  Some  of  the  deep  green  mother-liquor  (C)  was  warmed 
with  nitric  acid;  it  turned  deep  claret  at  first  and  then  became 
lighter  and  finally  colorless,  as  in  2.  The  substances  (B)  and 
(C)  behave  alike  in  this  reaction. 

9.  Some  of  the  concentrated  solution  (C)  was  treated  with 
hydrochloric  acid  and  a  small  crystal  of  potassium  chlorate; 
the  solution  became  deep  claret  in  color  when  wanned  and 
afterwards  colorless,  as  in  3. 
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POTASSIUM  PBRMANGANATB  AS  A  REMEDY  FOR  RHUS    POISONING.^ 

In  the  early  stages  of  this  work  some  experiments  were  made 
to  see  if  potassium  permanganate  could  be  used  to  purify  the  lead 
precipitate  by  oxidizing  the  tar  brought  down  in  predpitaticHL 
It  was  fotmd  that  the  permanganate  attacked  the  lead  precipitate 
as  well  as  the  other  organic  matter  in  the  vessel.     This  fact  and 
the  well-known  value  of  permanganate  in  treating  skin  diseases, 
its  use  as  an  antidote  for  some  kinds  of  alkaloid  poisoning,'  as 
an  antidote  given  to  cattle  poisoned  by  plants,^  and  as  an 
antidote  for  snake  bites, «  suggested  its  use  as  a  remedy  fe 
Rhus  poisoning.     Maisch^  mentioned  that  he  had  used  it  with 
success,  but  it  never  came  into  general  use,  probably  on  accotmt 
of  its  staining  the  skin  and  clothing.     In  carrying  out  this  work 
abtmdant  opportunities  for  testing  its  value  as  a  rentiedy  for 
the  dermatitis  caused  by  poison  ivy  were  afforded   by  many 
cases  of  accidental  and  intentional  poisoning.     The  best  ex- 
ample of  the  latter  was  obtained  with  the  ether  solution  from  tbe 
extraction  of  the  lead  precipitate  in  the  Soxhlet  apparatus 
(p-  559)-    After  removing  the  ether  a  small  drop  of  the  residitt 
was  applied  to  Dr.  Syme*s  wrist  as  described.     An  itching  red 
spot  about  the  size  of  a  dime  was  noticed  in  thirty-six  homs, 
which  steadily  increased  in  size.     Nearly  two   days  after  the 
application  of  the  poison,  a  dilute  solution  of  x>otassium  pe^ 
manganate  containing  a  little  caustic  potash  was  rubbed  into 
the  spot  until  the  pimples  were  destroyed.    A  little  black  spot 
was  left  wherever  there  had  been  a  pimple,  showing  that  the 
permanganate  had  been  reduced  to  oxide  in  the  skin.    The 
place  was  washed  and  nothing  more  was  thought  of  it  until 
the  morning  following,  when  it  was  noticed  that  the  wrist  had 
commenced  to  swell  during  the  night,  and  the  characteristic 
watery  secretion  was  running  from  the  poisoned  spot.     More 
permanganate  solution  was  applied  without  potash  and  the 

>  This  section  is  added  in  the  hope  that  it  may  be  of  tiae  to  others  yrbo 
are  subject  to  this  form  of  poisoning. 

» Moor,  N.  Y.  Med,  Rec,,  xlv,  p.  aoo,  1894. 

»  BuU.  No.  26,  U.  S.  Dept.  Agr.,  Dw.  of  BoU,  xlvii. 

«  Lacerda,  CompU  rend,  de  VAcad,  des  set,,  xciii,  pp.  466-469,  zSSz. 

»  Amer.  Joum,  of  Med,  Set,,  lii,  p.  285,  1866. 
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wrist  was  bandaged  thinking  that  this  would  prevent  the 
spreading  of  the  eruption;  but  the  bandage  really  facilitated  the 
spreading  by  becoming  saturated  with  the  poisonous  fluid  and 
keeping  it  in  contact  with  a  larger  surface  of  skin.  In  the 
meantime  the  swelling  and  inflammation  had  extended  nearly 
to  the  elbow.  The  arm  now  had  the  appearance  of  having  been 
bitten  by  a  snake.  To  reduce  the  swelling  it  was  immersed  in 
hot  water.  This  seemed  to  bring  out  the  eruption  very  quickly 
and  the  blisters  were  treated  with  permanganate  as  fast  as  they 
appeared.  The  swelling  was  reduced,  but  returned  during  the 
night.  On  the  evening  following,  the  forearm  was  immersed 
in  a  bowl  of  hot  permanganate  solution  containing  a  little  caustic 
potash.  The  solution  was  kept  as  hot  as  could  be  borne  for 
about  half  an  hour.  After  this  bath  the  poison  was  com- 
pletely oxidized,  for  the  swelling  was  reduced  and  did  not  return, 
nor  was  there  any  fresh  eruption.  What  appeared  to  be  a 
severe  case  of  poisoning  was  thus  cured  very  quickly.  The 
use  of  hot  water  not  only  reduces  the  swelling  but  also  helps  to 
destroy  the  poison.  The  action  of  permanganate  is  also  more 
rapid  at  high  temperatures. 

The  oxidizing  power  of  permanganate,  as  is  well  known,  is 
greater  in  add  solution  than  in  alkaline,  five  atoms  of  oxygen 
being  available  from  two  molecules  of  potassium  permanganate 
in  the  former  and  three  in  the  latter.  Permanganate  was  used 
as  a  remedy,  in  some  cases,  mixed  with  dilute  sulphuric  acid,  and 
in  others,  with  zinc  sulphate;  also  with  lime  water.  It  was 
f otmd  to  be  satisfactory  whether  used  alone  or  with  any  of  the 
substances  mentioned,  provided  it  was  well  rubbed  into  the 
skin.  The  concentration  of  the  solution  used  was  varied  accord- 
ing to  the  location  and  condition  of  the  eruption.  Where  the 
skin  was  thin  or  already  broken,  dilute  solutions  (i  per  cent.) 
were  used.  In  one  case,  the  eruption  appeared  in  the  palm  of 
the  hand,  where  the  skin  was  so  thick  that  it  was  necessary  to 
open  it  before  the  remedies  could  reach  the  poison.  The  diffi- 
culty of  getting  the  remedy  in  contact  with  the  poison  in  the 
skin  is  the  reason  why  the  eruption  is  hard  to  cure. 

The  remedy  most  commonly  used  for  this  eruption  is  an 
alcoholic  solution  of  lead  acetate.  This  remedy  is  tmsatisfactory 
for  the  reason  that  its  action  consists  in  depositing  an  unstable 
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lead  compound  of  the  poison  in  the  skin  where  the  conditioos 
of  moistxire  and  temperattire  are  favorable  for  its  decomposLtioo, 
liberating  the  poison  with  all  its  irritant  properties.  Moreover, 
alcoholic  preparations  should  not  be  used,  because  the  alcohol 
dissolves  the  poison  and,  on  evaporation,  leaves  it  spread  over 
a  larger  stirface  like  a  varnish.  Potassium  permanganate, 
however,  oxidizes  the  poison  completely.  The  only  objection  to 
the  use  of  permanganate  of  which  the  writer  is  aware  is  that  it 
stains  the  skin.  The  stain  can  be  removed  by  vigorous  scrubbing 
with  soap,  or  it  will  wear  ofiE  gradually  in  a  few  days.  It  can  be 
removed  at  once  by  a  warm  solution  of  oxalic  acid,  sulphurous 
acid,  etc.,  but  these  should  not  be  used  by  persons  not  familiar 
with  their  action. 

With  the  knowledge  of  the  facts  mentioned,  many  solutions 
were  tested  for  poison  by  appl3ring  them  to  the  skin,  and  vrhen 
an  eruption  appeared,  it  was  cured  quickly  and  permanently 
by  rubbing  in  a  permanganate  solution,  usually  mixed  with 
dilute  sulphuric  acid. 

SUMMARY. 

Leaves  and  flowers  of  the  poison  ivy  plant  were  extracted 
with  ether  and  the  ether  was  removed  by  evaporation.  In  the 
residue,  the  following  substances  were  found  and  studied: 
gallic  acid,  fisetin,  the  sugar,  rhamnose,  and  a  poisonous  tar, 
gum,  or  wax. 

The  lead  compoimd  of  the  poison  is  soluble  in  ether;  this  gives 
a  means  of  separating  the  poisonous  substance  from  the  non* 
poisonous  matter  in  one  operation. 

The  poison  is  not  volatile  with  vapor  of  acetic  acid,  or  with 
vapor  of  alcohol. 

The  poisonous  tar  or  wax  was  decomposed  by  acids  and 
3rielded  gallic  acid,  fisetin,  and  rhanmose,  showing  the  probable 
sotirce  of  these  compounds  in  the  plants,  and  indicating  that  the 
poison  is  a  complex  substance  of  a  glucoside  nature. 

It  was  fotmd  that  a  portion  of  the  poisonous  substance  can 
be  precipitated  by  lead  acetate  from  a  solution  of  the  purified 
tar  in  50  per  cent,  alcohol. 

All  cases  of  poisoning  developed  on  Dr.  Syme  were  easily 
cured  with  potassitmi  permanganate. 
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The  following  method  is  suggested  for  obtaining  the  poisonous 
substance  from  the  plant:  Extract  the  plant  with  alcohol, 
filter,  and  precipitate  at  once  with  lead  acetate.  Wash  the 
precipitate,  dry,  and  extract  with  ether  in  Soxhlet  extractors 
(loosely  filled).  Combine  the  ether  extracts,  mix  with  water, 
and  pass  in  hydrogen  stdphide.  Separate  the  water  and  the  ether 
solution,  and  filter  the  latter.  Wash  the  ether  solution 
thoroughly  by  shaking  with  water,  and  then  evaporate  at  a 
low  temperature. 
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STATUS  OP  THE  QUESTION. 

An  excessive  production  of  indol  in  the  intestine,  manifested 
by  increased  elimination  of  indoxyl  sulphate  or  indican  in  the 
urine  occurs  in  a  number  of  diseases.  The  causation  of 
functional  nervous  disorders  among  others  has  been  ascribed 
more  than  once  to  indol  poisoning,  and  it  is  a  fact  of  every-day 
laboratory  observation  that  the  urine  of  those  suflEering  from 
migraine  or  "the  blues"  and  that  of  persons  even  mildly  netiras- 
thenical  frequently  give,  with  the  usual  tests,  a  marked  reaction 
for  indoxyl. 

Herter*  discussed  the  question  of  the  occurrence  of  indican  and 
the  paired  sulphates  in  idiopathic  epilepsy  and  concluded  that 
attacks  of  convulsions  were  sometimes  precipitated  by  an  increase 
in  intestinal  putrefaction  marked  by  an  excess  of  indoxyl  and 
other  ethereal  sulphates  in  the  urine,  and  that  these  factors 
were  most  active  in  those  who  suffered  from  chronic  intestinal 
catarrh,  and  generally  occurred  after  excesses  in  eating.  Under 
these  conditions,  he  obtained  by  oxidation  as  high  as  82  milli- 
grams of  indigo  blue,  determined  gravimetrically,  from  the 
daily  luine  of  a  patient.  The  amount  of  indoxyl  excreted  varied 
widely,  and  might  in  the  same  subject  be  large  one  day  and  a 
bare  trace  the  next. 

Richardson'  believed  indol  to  be  excessive  in  most  forms  of 
mental  disease,  and  submitted  a  chart,  including  nearly  all  the 
functional  insanities  as  well  as  some  having  an  anatomical  basis 
which  tended  to  demonstrate  this.     He  estimated  indol  by 

>  N.  Y.  Med.  Journ.,  August  20  and  27,  and  Sept.  3,  1892. 

>  Bull,  of  thtjjjb.  of  the  Mt.  Hope  Retreat,  1889. 
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an  original  method,  apparently  quantitative,  but  not  publishei> 
Pilcz'  considered  an  increase  as  occurring  in  both  phases  d 
manic-depressive  insanity  and  diminution  in  the  elimination  of 
indoxyl  as  certain  evidence  of  the  abatement  of  the  psychosis 
whether  of  depressed  or  maniacal  type. 

In  1902,  Coriat^  devoted  a  lengthy  paper  and  discussion  to  the 
study  of  the  question  of  the  excretion  of  indoxyl  in  the  ra- 
sanities.  He  concluded  that,  although  "auto-intoxication, 
manifested  physiologically  by  hyperindicanuria,  has  not  been 
proved  to  be  a  factor  in  producing  akinetic  states,  a  striking 
parallelism  exists  between  excessive  indican  elimination  and 
various  akinetic  disorders,  entirely  independent  of  the  form  of 
mental  disease,"  and  *'that  diminished  indican  is  parallel  with 
catatonic  excitement,  the  involution  melancholias,  the  ex- 
hilarated forms  of  general  paraljrsis."  **In  over  one-third  of 
manic  cases,  it  was  absent."  Coriat  drew  a  sharp  distinction 
between  cases  with  "hyperkinesis"  or  overactivity,  and  those  of 
a  depressed,  inactive,  or  ** hypokinetic  character."  He  thought 
that  gradual  diminution  to  normal  in  the  elimination  of  indoxrl 
preceded  the  clearing  up  of  the  depressive  psychosis,  and  that 
the  indican  remained  high  until  very  evident  improvement  in 
the  patient's  condition  could  be  noted. 

In  1904,  Folin*  published  the  results  of  a  carefully  elaborated 
series  of  metabolism  experiments  on  a  large  number  of  cases  of 
insanity.  He  was  of  the  opinion  that  his  data,  covering  the 
results  of  practically  complete  urinary  examinations  in  so 
extensive  a  series  of  insane  cases  of  diverse  type,  proved  "the 
untrustworthiness  of  all  those  metabolism  experiments,  old  and 
new,  whichVeport  a  characteristic  increase  or  diminution  of  any  of 
the  urinary  constituents  included  in  this  research  (i.  e,,  volume  of 
urine,  total  nitrogen,  urea,  ammonia,  uric  acid,  creatinin, 
organic  bases,  total  sulphates,  ethereal  stilphates,  neutral 
sulphur,  phosphates,  chlorides,  organic  or  mineral  acids,  indican) 
as  associated  with  any  particular  one  of  the  ordinary  mental 

>  Because  of  the  absence  of  details  in  regard  to  the  method  employed 
by  Richardson,  his  work  will  not  be  considered  in  the  foUowing  discussioii. 
«  Die  periodischen  Geistesst&rungefiy  Jena,  1901. 
*  Amer.  Jcrurn,  of  Insan.f  April,  190a. 
« Ibid,,  Ix,  p.  699,  X904;  Ixi,  p.  299,  1904* 
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disorders."  An  approximate  estimation  of  the  nrinary  indican 
was  made  in  each  of  Folin's  cases.  Examination  of  the  data 
shows  marked  variations  in  the  elimination  of  this  substance  in 
the  diflEerent  classes  of  mental  disorders,  in  each  class,  and  in  the 
daily  elimination  of  each  individual.  These  facts,  together  with 
the  comparatively  slight  difference  from  the  excretion  of  normal 
persons,  make  clear  the  difficulty  of  proving  an  increase  or  de- 
crease in  the  indican  output  as  characteristic  of  any  one  class  or 
phase  of  mental  disease. 

The  most  recent  worker  in  this  particular  field,  and  the  most 
positive  advocate  of  the  toxic  influence  of  indoxyl  in  "melan- 
cholia" is  Townsend.  According  to  the  results  of  his  work,* 
sufferers  from  melancholia*  (?)  excrete,  without  exception,  large 
amounts  of  indoxyl  in  the  urine,  which  continues  in  pathological 
quantities  until  the  clearing  up  of  the  psychosis.  At  the  same 
time,  they  exhibit  marked  "symptoms  and  signs  of  toxemia"  of 
intestinal  origin,  which  also  vanish  simultaneously  with  the 
disappearance  of  the  abnormal  amount  of  indican.  Townsend 
found  no  increase  of  indoxyl  in  other  functional  mental  disorders. 
There  seems,  then,  to  be  considerable  evidence  to  show  that 
there  is  a  large  excess  above  normal  in  the  elimination  of  indoxyl 
sulphate  in  some  of  the  non-organic  insanities.  On  examining 
the  evidence,  however,  no  two  observers  are  found  in  agreement 
as  to  the  relation  indoxyl  bears  to  the  mental  disturbance,  nor  to 
the  type  of  insanity  of  which  it  is  characteristic,  opinions  on  this 
point  ranging  from  Richardson — constant  and  characteristic  in- 
crease in  all  forms  of  psychosis — to  Folin — constant  and  character- 
istic increase  in  none ;  Coriat  finding  always  low  figures  in** kinetic" 
cases  and  melancholia  of  the  involution  period,  and  Townsend  his 
highest  in  melancholia  with  agitation  and  great  activity. 

Considering  this  status  of  the  question  in  regard  to  indoxyl 
elimination,  and  its  relation  to  the  functional  insanities,  it 
seemed  worth  while  to  endeavor  to  assist  in  clearing  up  the 
question  by  a  series  of  quantitative  determinations  on  a  suffi- 
cient number  of  cases,  carried  over  a  long  period  and  controlled 
by  similar  estimations  on  healthy  individuals. 

»  Joum,  of  Ment.  Set.,  li,  No.  21a,  1905. 

>  Probably  several  distinct  types  of  depression  including  the  melancholia 
of  the  involution  period. 
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NEED  OP  QUANTITATIVB  TESTS. 

The  necessity  for  making  the  determinations  quantitative 
becomes  evident  from  the  consideration  of  several  points  appar- 
ently not  appreciated  by  most  previous  workers. 

1.  It  is  fallacious  to  form  positive  judgments  of  excretory 
efficiency  or  abnormality  from  the  merely  qualitative  estimatioa 
of  any  of  the  urinary  constituents.  That  indican  is  no  exception 
in  this  respect  will  be  seen  by  a  reference  to  Table  V. 

2.  If  there  is  a  danger  of  error  in  judgment  from  qualitati^ 
methods  of  estimation  in  a  single  test,  the  danger  is  certainly 
augmented  when  a  large  number  of  such  questionable  judgments 
are  collected  and  compared,  and  a  rule  or  an  apparent  fact 
deduced  therefrom. 

3.  The  work  of  Folin,  to  which  reference  at  greater  length 
will  be  made  subsequently,  has  shown  that  even  in  healthy 
"normal"  subjects  the  variation  in  the  amoiuit  of  urine  ex- 
creted from  day  to  day  even  by  the  same  individual  under  con- 
stant conditions  of  diet  and  exercise,  is  astonishingly  great,  and 
that  it  is  even  more  marked  in  the  case  of  the  insane.  It  is  clear 
that  such  variations  will  be  maximal  where  little  or  no  effort  is 
made  to  have  diet  and  exercise  conform  to  a  standard,  or  where, 
even  with  the  will  to  do  so,  it  is  impossible,  as  in  the  case  of 
disturbed  patients. 

The  necessity  for  accurate  controls  in  all  investigation  is  so 
evident  that  the  point  hardly  requires  mention,  and  yet  but  one 
of  the  observers  *  to  whose  work  reference  has  been  made,  de- 
voted any  attention  to  the  control  of  his  work  by  similar  estima- 
tions on  the  tirine  of  "normar*  subjects. 

CHOICE  OF  METHOD. 

Of  the  methods  employed  by  previous  workers,  only  one— 
that  of  Folin — ^was  at  all  adapted  to  the  end  in  view,  and  even  it, 
although  accurate  and  in  a  way  quantitative,  is  not  entirely 
satisfactory,  because  it  becomes  necessary  in  using  it  to  express 
values  obtained  according  to  a  particular  color  scale,  which 
precludes  ready  comparison  with  previous  quantitative 
determinations  of  indican. 

»  Folin. 
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The  Obennayer-Wang-Ellinger  method  is  without  objection, 
except  from  the  point  of  time  and  intricacy.  The  method  of 
Strauss,  though  perhaps  not  as  accurate  as  Ellinger's  method, 
is  based  on  the  same  principles,  admits  of  rapid  estimation,  gives 
results  in  milligrams,  and  is  approximately  accurate. 

This  method  ^  was  chosen,  and  to  determine  the  extent  of  error 
comparisons  were  made  at  different  times  during  the  year's 
work  with  the  Wang-Ellinger  method.  The  indican  in  six 
24-hour  quantities  was  determined  by  both  methods,  with  the 
following  results: 

Date.  Amount  of  Ellinger't  Stratass't  Qualitative. 

Urine.  Method.  Method. 

VII,  21,  '06  600  CO.  .0033  gm.  .0041  gm.  Blue, 

*•     19, '06  600    "  .0033    "  .0047    "  Dark  blue, 

"      26, '06  360    "  .0144    "  .00136"  Intensely  dark 

blue, 

"     27. '06  660    "  .0086    "  .0073    "  Very  dark  blue. 

X,  14,  '06  1200    ••  .0074    "  .007      "  Blue, 

II.  21.  '06  1100    "  .0246    "  .0022    "  Intense  blue. 

As  funnels  for  the  chloroform  extraction,  the  Strauss  funnel 
for  the  determination  of  lactic  acid  proved  satisfactory.  Ober- 
mayer's  reagent,  20  per  cent,  lead  acetate,  and  chloroform, 
were  measured  from  burettes,  and  the  method  thus  made 
more  expeditious,  without  diminishing  its  accuracy.  As 
tubes  for  comparison  of  the  chloroform  extracts,  Purdy's 
graduated  centrifuge  tubes  were  found  especially  well  adapted 
as  the  var3ring  caliber  and  the  graduations  facilitated  accurate 
comparison  and  a  rapid  estimate  of  the  amount  of  chloroform 
used  in  dilution.     In  testing  various  strengths  of  Obermayer's 

>  Twenty  c.c.  of  urine  are  precipitated  with  $  c.c.  of  20  per  cent,  lead 
acetate  solution  and  filtered.  Of  the  filtrate  zo  c.c.  corresponding  to  8 
c.c.  of  urine,  are  taken.  To  this  zo  c.c.  of  Obermayer's  reagent  are  added 
in  a  small  separating  funnel  and  in  addition  5  c.c.  of  chloroform.  The 
whole  is  thoroughly  shaken,  allowed  to  stand  for  z  or  2  minutes,  and 
again  shaken.  The  chloroform  is  run  off  and  a  second  extraction  with 
5^c.c.  of  fresh  chloroform  made.  This  is  continued  till  the  chloroform 
returns  colorless.  Of  the  united  extracts.  2  c.c.  are  received  in  a  tube 
of  the  same  caliber  as  that  holding  the  comparison  fluid  containing  z 
mgm.  of  Kahlbaum's  indigotin  to  the  liter  of  chloroform.  Dilution  of  this 
with  chloroform  is  continued  till  the  color  tint  in  the  tubes  when  held 
against  a  white  background  is  identical  and  the  amount  of  chloroform 
required  noted.  If  the  original  extraction  required  Z5  c.c.  and  the  dilu- 
tion zo  c.c.  more  and  the  excretion  of  urine  for  24  hours  was  860  cc,  then 
ii+j(,±xa  +  'V  a  .00967  or  9.67  mgms.  indigo  from  the  day's  urine. 
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reagent,  it  was  found  that  if  the  quantity  of  ferric  chloride  ex- 
ceeded two  parts  per  thousand,  there  was  danger  of  oxidation 
of  any  indigo  formed  into  isatin  or  other  colorless  compouni 
Where  the  volume  of  urine  was  large,  and  the  total  amount  of 
indoxyl  not  great  so  that  the  chloroform  extract  from  10  c.c. 
was  only  light  blue,  the  use  of  the  stronger  reagent  might  so 
overoxidize  as  to  give  the  impression  that  no  indoxyl  existed  in 
the  specimen.  It  was  found,  in  fact,  that  exactly  2  grams  of 
ferric  chloride  per  liter  of  fuming  hydrochloric  acid  was  the 
optimum  strength,  and  all  the  reagent  used  was  carefully  prepared 
according  to  this  formula  by  dilution  from  a  stronger  solution. 

In  like  manner,  the  chloroform  comparison-solution  of  in- 
digotin — one  milligram  to  the  liter — was  made  up  from  time  to 
time  from  Kahlbaum's  indigotin,  a  solution  containing  25 
milligrams  per  liter  being  made  first.  The  stock  solution  was 
kept  in  a  light-proof  closet,  and  the  comparison  tube  filled 
therefrom  every  second  day. 

The  statement  has  recently  been  made  that  there  frequently 
occur  urines  containing  considerable  amounts  of  indoxyl  sulphate, 
the  filtrates  from  which,  after  precipitation  by  lead  acetate,  are 
not  oxidized  to  indigo  by  Obermayer's  reagent,  but  may  be  so 
oxidized  by  the  further  addition  of  a  dilute  solution  of  potassium 
chlorate.  The  truth  of  this  could  not  be  confirmed  during  the 
present  work,  and  it  is  thought  that  if  such  urines  exist,  they 
are  of  too  infrequent  occurrence  to  exert  any  influence  on  the 
validity  of  the  results  of  this  investigation.  It  is  believed 
further,  that  any  error  caused  by  such  would  be  equally  great 
in  determinations  made  by  the  Wang-Obermayer-Ellinger 
method,  as  the  principles  involved  are  the  same. 

WHAT  MAY  BE  CONSIDERED  NORMAL. 

To  reach  an  opinion  based  on  personal  experience,  of  what 
may  be  considered  a  ** normal**  amount  of  indoxyl  to  be  passed 
daily  by  a  person  in  average  health,  some  eighty  odd  exami- 
nations were  made  of  the  urine  of  thirty  people  in  diflFerent 
walks  of  life,  who  were  in  fair  health  and  attending  un- 
interruptedly to  their  work  and  not  ** nervous"  or  suj>- 
ject  to  **blues"  or  other  depressed  states.  The  average 
daily  excretion  as  based  upon  this  estimate  is  5.9  milligrams, 
the    extremes    varying    from    practical    absence   to    32  milli- 
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grams  in  the  24  hotirs  (Table  I).  (The  latter  figure  was 
found  in  the  urine  of  a  hospital  interne  who  at  the  time  was 
sufiEering  from  a  severe  migraine  or  bilious  attack,  with  intense 
headache,  diarrhoea,  and  vomiting.  It  is  the  only  instance  in- 
cluded in  the  averages  in  which  the  individual  did  not  feel  per- 
fectly well.)  It  seems  then  compatible  with  health,  for  a  person 
to  excrete  daily  over  a  considerable  period  anywhere  from  5  to 
10  milligrams  of  indoxyl  while  an  occasional  excretion  of  15-20 
milligrams  may  occur  without  causing  any  notable  symptoms. 

TABLE  I  SHOWING  INDOXYL  EXCRETION    IN    HEALTHY   SUBJECTS. 


Subject. 

Date. 

Volume  of 
Urine. 

CO. 

Color  of 
Urine. 

Sp.  Gr. 

Indican. 
Grams. 

Color  of 
Chloro- 
form 
Extract. 

Dr.  M.. 
State  Hospital 

Dr.  R., 
State  Hoapital 

Ill,    7.'06 
"      8.  " 

«          g     <« 

"    10.  •• 

III.    9/Ofl 
"     11,  " 
"     12,  " 
"     13,  " 
"     14," 

1060 
1010 
1610 
1250 

1100 

1130 

820 

760 

870 

Amber 

(4 

• 

If 
t« 

Amber 
<f 

M 
« 
tt 

1024 

1029 
1028 
1031 
1032 

.0018 

.003 

.0045 

.0032 

.0082 
.0056 
.0077 
.0066 
.0087 

Pale  bhie 

Li^ht  ;; 

II      II 

Darkbhie 

Blue 

Dark  blue 
II      II 

tt      tt 

Dr.  B., 
State  Hospital 

III.  12, 'oe 
"     13,  " 
"     14,  " 
"     16." 

900 
1050 
1100 
1060 

Amber 

u 
*t 
u 

1030 
1030 
1028 
1027 

.0034 
.0023 
.0035 
.0038 

Li^ht  blue 
II      1* 

II            M 

Mn.E.. 
Perfect  Health 

XII.  22. '05 
"     27. " 
"    29.  " 

"    30.  " 
"    31,  " 
I.    2, '06 

"     4,  " 

1300 
1300 
1250 

1300 
1825 
1176 

1150 

Amber 
II 

Light 

amber 

Amber 
•I 

IJffht 
amber 
Straw 

1023 
1028 

1025 
1028 
1022 

1024 
1027 

.0111 
.0123 

.0117 
.0001 
.0158 

.0017 
.0028 

Bhie 
Dark  bhie 

II      II 

Pale     " 
Deep    " 

Pale     " 
Light  " 

Dr.  B., 
Stote  Hospital 

XILe.'Ofi 
•      7,  " 

1120 
1210 

Amber 
«• 

1029 
1030 

.0077 
.0027 

Blue 
Pale  blue 

Dr.C. 
SUte  Hoapital 

XII.    6.'0fi 
"      7.  " 
"      8,  " 
"     12,  " 
"     13,  " 

1100 
1120 
1060 
1650 
980 

Amber 
<• 

tt 

tt 

Dark 
amber 

1025 
1031 
1031 
1022 

1029 

.0028 
.0014 
.0051 
.0000 

.0089 

Light  blue 
pSe     " 
Light  " 
Colorless 

Light  bhie 

Dr.  B., 
Imrtitttte  Staff 

I,    4, '06 
"  10,  " 
«  11.  " 
"  12,  " 

500 
900 
750 
890 

Amber 
II 

•I 

II 

1024 
1028 
1026 
1028 

.0032 
.0028 
.0051 
.005 

Bhie 
II 

II 
Daxkbhie 

Nurae  No.  I 

rV,  26, '06 

"     27,  " 
"     28.  " 

1010 

1240 
2010 

Amber 

tt 

Light 
amber 

1020 
1022 
1014 

.016 

.0078 

.004 

Very  dark 

bltw 
Bhie 

Light  bhie 

Nuxie  No.  U 

IV,  27, '06 
.«     28.- 
"     29.- 

1420 
1020 
1660 

Amber 

M 
M 

1028 
1019 
1018 

.0048 

.019 

.0062 

Light  bhw 

Intense'* 

Bhae 
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TABLE  I    (CONTINUED.) 

Subject. 

Date. 

Volume  of 
Urine. 

C.C. 

Color  of 

Urine. 

Sp.  Gr. 

Colard 
Indican.  1     ^^ 

Dr.  R.. 

VL  16/05 

1260 

Amber 

1018 

.0043      Blue 

Institute  Staff 

"     16,  " 

960 

Dark 

Intesse 

amber 

1024 

.0196 

bfai 

Dr.  lU 

VI.  16. '05 

760 

Dark 

'Inteoae 

Institute  Staff 

amber 

1029 

.014                   Usi 

..       17^   M 

660 

Dark 

m 

amber 

1030 

.0105          "   ■ 

Mr.  M.,  "EHenar" 

VI.  12  '06 

1400 

Amber 

1025 

.0113     .Daikbte 

in  Laboratory 

"     13.  ' 

1200 

44 

1026 

.oas3      Lis^" 

"     16.  " 

1160 

Orange 

1026 

.0119       Venrdtffc 

'     bbe 
.0078       Darkbbt 

"     16.  " 

1060 

44 

1032 

Dr.  C 

VI,    6.'05 

1326 

Amber 

1024 

.0082     iDarkUat 

Institute  Staff 

"       6.  " 

976 

44 

1027 

.006        !     •     ** 

"       7.  " 

720 

44 

1030 

.0054     1     -     • 

"       8.  " 

1270 

44 

1025 

.0019     'Pak    " 

"       9. " 

1030 

Pale 

Verrpsk 
.0008           bfue 

amber 

1026 

"     10.  " 

680    . 

Amber 

103O 

.0053     iDarkbtai 

"     11.  " 

1140 

44 

1028 

.0057      '  Bhie 

"     13.  " 

876 

44 

1028 

.002        i  Light  bbi 

"     16.  " 

920 

44 

1028 

.0057       Dark  " 

"     16,  " 

1000 

44 

1031 

.0034       Lifi^t  " 

"     17,  " 

776 

44 

1028 

.0029           •*      •• 

"     19.  " 

1030 

Pale 

1 

amber 

1026 

.0038 

«*       44 

Dr.  P..  State 

XII.    6,'06 

930 

Dark 

1 

Hospital  Staff 

amber 

1033 

.0064      !  Blue 

"       6.  •* 

620 

Dark 

1 

"       8.  " 

1060 

amber 

1034 

.0031        Dark  htm 

Amber 

1088 

.0O65      1  Blue 

Dr.  W..  State 

XII,  7.'06 

1410 

Light 

Hosi>ital  Staff 

amber 

1034 

.0089 

Bhie 

"       8,  " 

1210 

Amber 

1030 

.0131 

Vetydstk 
bine 

"      9.  " 

2010 

44 

1028 

.032* 

Intense 
Uue 

"     13,  " 

1320 

U 

1029 

.0086      iBlue 

"     19.  " 

1640 

44 

1028 

.002        ,  PaJe  bbe 
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DETERMINATIONS  ON  AVERAGE  WARD  CASES. 

For  the  purpose  of  orientation,  a  series  of  examinations  on 
several  different  types  of  insanity  was  made.  These  comprised 
the  cases  whose  histories  are  given  by  Dr.  Kirby  at  the  end  of 
this  paper  (Series  I). 

In  all,  213  examinations  were  made  on  19  different  female 
patients  upon  routine  ward  diet.*  The  indican  was  fotmd  to 
average  low.  In  four  markedly  stuporous  cases, — H.  Loenecke, 
Hackett,  Martin,  and  Josephs,  the  averages  for  one  month  of 
daily  examinations  were:  0.0026,  0.0025,  0.0026,  0.0024,  and 
the  extremes  were  from  a  bare  trace  to  0.0095  gram.  Such 
results  necessitate  no  elaborate  charts  to  show  the  relations  more 
minutely. 

Of  the  other  ward  cases,  the  highest  daily  elimination  was  19 
milligrams  in  the  case  of  £.  T.  In  6  instances  of  the  2139 
indican  could  be  said  to  be  practically  absent,  as  the  chloro- 
form returned  colorless. 

Dtiring  this  period  the  patients  received  cathartics — com- 
pound cathartic  pills — not  oftener,  as  a  rule,  than  once  in  two 
or  three  weeks,  and  an  occasional  enema. 

The  color  reactions  showed  the  range  of  shades  noted  by  Coriat 
and  Townsend.  The  tint  of  the  chloroform  after  extraction 
varied  from  absence  of  color  to  a  very  dark  blue  shade.  But  the 
latter  was  almost  always  accompanied  by  a  concentration  of 
the  urine;  when  not,  the  indican  was  indeed  somewhat  but 
not  "enormously"  increased. 

There  was  nothing  to  indicate  axw  constancy  in  the  elimi- 
nation of  indican  in  any  particular  type  or  phase  of  insanity. 
It  became  desirable  to  investigate  the  question  in  acute  cases 
likely  to  recover,  and  to  begin  the  collection  of  urine  as  soon  as 
possible  after  the  admission  of  each  case. 

I  The  following  is  a  sample  of  this  diet — June  xa,  1905 — Breakfast: 
oatmeal,  bread,  butter,  coffee.  Dinner:  aoup,  bread  and  beans,  pota- 
toes, pickles.  Supper:  bread]  and  butter,  tea,  salt  fish.  June  Z3th.^ 
Breakfast:  oom-meal  and  miUc,  bread,  butter,  and  coffee.  Dinner  1 
meat,  potatoes,  spinnach,  bread  and  pudding.  Supper:  bread,  but- 
ter, tea,  rice,  syrup.  The  patients  are  practically  unrestricted  as  to 
quantity. 
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EXCRETION  IN  ACUTELY  INSANE  PATIBNTS. 

The  attempt  to  earn'  out  this  plan  resulted  in  a  study  of  the 
urine  of  ten  cases,  seven  of  which  were  of  a  recoverable  t}"pe. 
The  study  included  the  estimation  of  indican,  and,  in  certain 
instances,  that  of  phenol,  skatol  (Herter's  adaptation  of 
Ehrlich's  dimethylamidobenzaldehyde  reaction),  and  the  cx)m- 
bined  sulphates  as  a  whole.  The  study  of  phenol  and  skatol 
was  soon  discontinued,  as  the  reactions  were  seldom  in- 
tense enough  to  warrant  any  conclusions  relative  to  unusual 
increase  or  change  from  normal.  The  sulphate  ratio  was  so 
frequently  low  and  so  seldom  high,  that  its  study  was  early 
abandoned,  though  not  before  it  was  definitely  shoT^Ti  that  there 
would  be  little  profit  in  continuing  it. 

Attention  was  concentrated  on  the  indoxyl  output,  and  on  the 
variation  in  amount  of  urine  excreted.  No  attempt  to  institute 
a  special  diet  was  made,  first  because  of  the  impracticability 
of  such  an  undertaking,  with  disturbed  patients,  unless  recourse 
was  had  to  forced  feeding,  and,  second,  because  it  seemed  de- 
sirable to  imitate,  in  so  far  as  compatible  with  accuracy,  the 
methods  of  previous  observers,  in  order  to  give  a  better  basis 
for  comparison  of  results  with  theirs. 

The  most  striking  point  brought  out  was  the  fact  that  in  a 
large  proportion  of  acutely  insane  patients  of  whatever  type,  but 
especially  in  cases  of  depression,  the  excretion  of  urine  is  dimin- 
ished in  the  early  stages,  and  that,  as  recovery  progresses,  the 
amount  of  urine  voided  commensurately  increases.  The  reg- 
ularity of  this  phenomenon  will  be  seen  by  a  glance  at  the  accom- 
panying table  (II),  These  cases  were  consecutive  admissions, 
entirely  unselected,  except  in  so  far  as  was  necessary  to  bring 
them  within  the  class  of  acute  insanities.  The  influence  of  such 
alterations  in  the  amotmt  of  urine  upon  the  apparent  amount 
of  indoxyl  when  estimated  qualitatively  will  be  evident  on 
examining  the  charts,  and  notably  Table  V.  As  regards  the 
actual  indoxyl  output,  in  not  a  single  instance  could  it  be 
called  excessive  [in  the  light  of  what  had  been  found  in  the 
normal  cases. 
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TABLB  II  SHOWING  VOLUME  OP  URINB  AND  INDOXVL  EXCRETION 
IN  TEN  CASES  OF  INSANITY  OP  ACUTE,  RECOVERABLE  TYPB 
DURING  THEIR  EARLY  STAY   IN  THE  HOSPITAL. 
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TABLE  II    (continued.) 
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TABLE    11   (continued). 
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EFFECT  OF  DIET. 

A  diet  test  was  made  to  determine  the  accuracy  of  Coriat's 
contention  that  variation  in  indican  excretion  in  pathological 
mental  conditions  is  "entirely  independent  of  .  .  .  diet  .  .  . 
and  simply  an  at  present  unexplainable,  concomitant  symptom 
of  the  akinetic  or  hyperkinetic  state." 

Two  diets  were  used,  those  employed  by  Folin  in  his  extensive 
metabolism  work,  >  One  is  a  liquid ,  f till-nitrogen '  *  standard  diet. '  * 
The  ingredients  are  milk,  cream,  eggs,  water,  sugar,  salt,  and 
Horlick's  malted  milk,  mixed  in  definite  proportions  so  that  the 
content  varies  practically  not  at  all  from  day  to  day.  The 
second  diet  is  a  non-nitrogenous  one,  of  pure  arrowroot  and  cream. 

Seven  patients  were  selected, — ^three  active  ** kinetic"  cases, 
four  depressed,  *'  akinetic," — the  latter  very  marked  of  their 
type.  All  cathartics  and  enemata  were  stopped.  The  urine 
was  examined  for  a  few  days  while  the  patients  were  on  the 
routine  ward  diet.  During  a  second  period  they  received  the 
standard  liquid  diet  and  finally  the  "kinetic"  cases  went  back 
to  routine  diet,  whereas  the  "akinetic"  cases  were  given  the 
arrowroot  and  cream. 

The  accompanying  table  (III)  summarizes  the  results.     As  a 

1  Amtr,  Journ,  of  PhysioU^  xiii,  pp.  45  and  66,  Z905. 
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rule  the  standard  liquid  diet,  which  is  rich  in  proteid,  slightly 
raised  the  indican  elimination,  though  there  are  exceptions  to 
this.  The  starch  cream  diet  caused  a  practical  disappearance 
of  indican  in  every  instance  at  the  end  of  the  first  48  hours 
succeeding  its  introduction.  With  the  exception  of  the  third 
period,  the  color  reactions  varied  from  a  very  deep  blue — almost 
black — ^to  a  pale  blue.  The  majority  were  dark  blue,  and  a  very 
few  were  practically  colorless.  There  were  no  constant  relation- 
ships in  total  amount  of  indican  excreted,  and  similar  variations 
were  found  in  all  patients  of  both  types, 

TABLB  III. 
ACTIVE  HTPBRKINBTIC  CASES. 
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M'Gauley. 


TABLB  III  (continued). 
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DEPRESSED  AKINETIC  CASES. 
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1010 


1008 
1006 
1006 


Very  light  blue 

**  •«  M 

Very  dark  blue 

••  M  «« 

Blue 

Dark  blue 
V«ry  darkbhie 

**  M  M 

Intense  blue 
Very  light  blue 


Dark  blue 
Light     ** 
Very  li^ht  blue 


•t  M 

•(  M 


Almost  colorless 
Colorless 


.0018 
.0006 

.0042 

.0123 

.0044 

.0076 

.006 

.0067 

.004 

.0005 

.005 


.0061 

.002 

.0011 

.0014 

.0014 

.002 

.0023 


Trace 


Routine 

VIII.    9, '06 
"     10,    " 
"     11.    " 
"     12,    " 
"      13.    " 
"     14.    " 
"     15.    " 

Averages 

860 
800 
776 
776 
900 
860 
1430 

914 

1017 
1022 
1021 
1028 
1025 
1024 
1016 

Very  light  blue 
Blue 

•4 

Dark  bhie 
Light    " 
Blue 
Colorless 

.0028 
.006 
.0043 
.0073 
.0031 
.UOM 
Practically 
absent 
.0041 

Standard  Diet 

VIII.  16.  '06 
"     17.    " 
"     18.    " 
"     19.    " 
"     20,    " 
"     21,    " 

Averages 

900 
950 
900 
296 
900 
910 
809 

1027 
1022 
1026 
1020 
1019 
1026 

Intense  blue 

Very  dark  blue 

Intense  blue 

Light 

Blue 

Darkbhxe 

.0225 
.0142 
.0219 
.0035 
.0067 
.0125 
.0135 

Starch-Cream  Diet 

VIII,  27.  '06 
"     28.    " 
"     29.    " 
Averages 

1000 

1200 

976 

1068 

1017 
1016 
1009 

Very  light  blue 
Coknleas 

44 

.006 
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Friedman. 


TABLB  III  (continued). 


Volume  of 

Amount  of 

Diet. 

Date. 

Urine, 
c.c. 

Sp.Gr. 

Color  of  Chloro- 
form Extract. 

Indican. 
Grams. 

Routine 

VIII.  6.  •oe 

^^^ 

M        7^    .. 

^^ 

^^ 

__ 

•^— 

"       8.    " 

— 

— . 

— 

— 

"       9,    " 

875 

1015 

Very  pale  blue 

.001 

"     10.    " 

960 

1016 

M             M                 M 

.0012 

"     11.    " 

1125 

1015 

<«            4«                M 

.0019 

-     12.    " 

745 

1016 

Dark     blue 

.0065 

"     13.    " 

600 

1022 

Intense    " 

.0103 

"     14,    " 
"     16.    " 

1600 
1375 

1014 
1010 

Very  pale  blue 
Practically 
colorless 

.0026 

Averages 

1010 

.0033 

Staadard 

VIII,  16.  '06 

675 

1022 

Intense  blue 

.0127 

u     17^    « 

850 

1015 

Blue 

.0053 

"     18.    " 

975 

1020 

Dark  blue 

.0097 

"     19.    " 

1650 

1016 

Blue 

.012 

"     20.    " 

890 

1020 

Dark  blue 

.0078 

"     21,    " 

1960 

1012 

Very  light  blue 

.0031 

Averages 

1166 

.0084 

VIII,  27,   06 

Stareb-Cream  Diet 

"     28.    " 
"     29.    " 

Donohue. 


Routine 

VIII,    6. '06 

"       7.    •• 

125 

1027 

Intense  blue 

.0043 

"       8.    " 

1600 

1019 

Dark 

.0106 

"       9.    " 

626 

1018 

u                  «< 

.0048 

"     10.    " 

1425 

1013 

Very  pale  blue 

.001 

"     11.    " 

1676 

1016 

Almost  colorless 

Trace 

"     12.    •* 

1375 

1010 

M                       «« 

Trace 

"     13.    " 

1175 

1016 

Very  li^ht  blue 

.0022 

"     14.    " 

1025 

1013 

.001 

"     16.    " 

2125 

1010 

It      II        t« 

.0027 

Averages 

1216 

.0029 

Standard 

VIII,  16.  '06 
"     17.    " 
"     18,    " 
."     19,    •• 
"     20.    " 
"     21,    " 

Starch-Cream  Diet 

VIII.  27.  '06 

960 

1023 

Practically 
colorless 

M^M 

"     28.    " 

950 

1013 

«« 

Tkace 

"     29.    " 

1776 

1014 

it 

— 

Averages 

1225 

— 

— 

— 

EFFECT  OF  CONSTIPATION, 

The  question  of  the  effect  of  constipation  and  catharsis  upon 
the  output  of  indoxyl  in  the  urine  has  been  much  discussed. 
There  is  no  doubt  that  in  most  cases  of  simple  constipation — ^fecal 
accumulation  in  the  rectum — very  little  influence  is  exerted. 
It  is  only  when  there  is  a  stasis  of  the  bowel  contents  in  the 
small  intestine  and  colon,  with  the  production  and  retention  there 
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of  absorbable  putrefactive  products, — i.e.,  indol  and   skatoL— 
that  large  amounts  of  indoxyl  are  to  be  found  in  the  urine* 
Conversely,  cathartics  which  act  almost  entirely  on  the  lower 
bowel  will  nattually  have  less  influence  in    diminishing  urinary 
indican  than  the  combination  of  calomel  with  a  saline  which  acts 
throughout  the  intestine  and  is  strongly  antiseptic  as  well.     TIk 
present  work  substantiated  on  several    occasions  the  fact  that 
if  the  intestinal  contents  are  kept  in  lively  movement  by  the 
frequent  administration  of  cathartics  of  any  sort  the  output  of 
indoxyl  over  a  given  period  will  be  materially  lessened,  but  it 
cotdd  not  be  shown  that  the  occasional  exhibition  of  a  cathartic 
exerted  any   appreciable  influence.     In  this     connection  it  is 
interesting  to  note  that  indol  itself  acts  as  an  efficient  cathartic, 
large  doses  given  by  mouth  almost  always  inciting  diarrhoea,  and 
that  in  this  way  it  tends  to  prevent  its  own  absorption.    In 
considering  the  question  of  unusual  amounts  of  indoxyl  in  the 
urine  it  should  not  be  forgotten  that  this  alone  does  not  neces- 
sarily indicate  increased  putrefaction  and  production  of  indol 
in  the  bowel.    A  peculiar  tendency  to  ready   absorption  or 
increased  opportimity  for  absorption  by  stasis  may  give  the 
same  urinary  appearances  as  increased  production  Tvhere  these 
factors  are  not  present.    A  failure  to  recognise  this  is  no  doubt 
responsible  for  many  conflicting  statements  in  regard  to  indol 
and  indoxyl  production. 

As  none  of  the  insane  patients  studied  in  either  the  first  or 
second  series  of  cases  exceeded  the  "  normal  cases  "  in  the  amount 
of  indoxyl  excreted,  it  appears  clear  that  it  cannot  be  demon- 
strated by  trustworthy  methods  in  acutely  insane  or  chronic 
patients  as  found  in  hospital,  that  the  output  of  indican  is 
either  constant  or  excessive,  and  it  is  evident  that  the  eflEects  of 
diet,  constipation,  or  catharsis  in  diminishing  or  increasing  the 
elimination  of  indoxyl  in  the  urine  of  the  insane  are  the  same  in 
kind  and  degree  as  in  normal  individuals. 

EFFECT  OF  ADMINISTRATION  OF  INDOL. 

Can  indol  production  and  absorption  in  the  intestine   be, 

>  Herter  has  recently  shown  that  imperfect  catharsia — the  sweeping  d 
large  amounts  of  only  partially  digested  food  from  the  stomach  and  gtwnfl 
intestine  into  the  colon  without  moving  it  further — may  be  the  cause  of  a 
greatly  increased  putrefaction  and  consequent  production  of  indoL 
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nevertheless,  a  factor  in  determining  the  onset  of  a  psychosis? 
In  support  of  this,  we  have  the  experience  of  those  who  have 
examined  their  urine  during  attacks  of  mild  depression  ("blues**) 
and  found  **a  marked  reaction"  for  indican.  They  took  some 
calomel,  the  indoxyl  disappeared,  the  world  once  more  looked 
bright,  and  it  seemed  as  though  the  indoxyl  must  have  been  at 
least  one  factor  in  causing  the  depression. 

Herter^  fed  indol  to  rabbits,  dogs,  monkeys,  and  men.  In 
some  instances  he  observed  depression,  or  other  well-marked 
nervous  manifestations.  But  certain  animals,  and  men  were 
markedly  susceptible  to  its  influence,  o.i  gram  affecting  them 
more  than  i  gram  did  others. 

Given  a  person  prone  to  overindulgence  in  animal  food,  suffer- 
ing from  chronic  gastro-intestinal  catarrh,  with  impaired  renal 
function,  and  a  weak  nervous  system  susceptible  to  the  influence 
of  indol,  especially,  if  living  more  or  less  indoors  imder  con- 
ditions of  sub-oxidation,  and  it  appears  a  priori  that  he  would 
be  not  unlikely  to  develop  a  psychosis,  most  probably  of  a  de- 
pressed type. 

TABLE  IV.       SHOWING  THE  EFFECT  OP  ADMINISTRATION  OP 

INDOL. 

Case  I.     Annie  Diamond.* 


Date. 


II.  14,  '06 
"  16,  " 
"  19.  " 
"  21.  - 
"    22.    " 


Volume  of 

Color  of 

Sp.  Gr. 

Idoxyl. 

Urine. 

Urine. 

Grams- 

c.c. 

1210 

Amber 

1010 

0.0025 

1200 

M 

1020 

0.0048 

800 

<« 

1024 

0.0036 

1100 

tt 

1020 

0.0220 

850 

l< 

1018 

0.0160 

Color  of  Chloro- 
form Extract. 


Pale  blue 
Light  " 
Blue 
Intense  blue 


4< 


(t 


Indol 
Admin- 
istration. 


0.097  gm. 


Case  2.     Annie  McHauer. 


II.  14.  '06 

1610 

Amber 

1018 

0.0080 

Blue 

"    15.    " 

1130 

1019 

0.0056 

II 

"    16.    " 

1800 

1011 

0.0044 

Pale   blue 

"    17.    " 

2000 

1015 

0.0075 

II        11 

"    20.    " 

1840 

1010 

0.0259 

Deep      " 

0.097  gm. 

"    21.    "  t 

1250 

1013 

0.0286 

Intense" 

"    22.    " 

2200 

0.0173 

Dark      " 

0.065  gm. 

"    23.    " 

840 

1012 

0.0031 

1-%^'  ;; 

"    2$.    " 

1010 

Orange 

1017 

0.0031 

*  This  patient  was  ready  for  discharge  as  cured:  she  was  bright,  up  and  about  the  wards 
working.  She  denied  all  subjective  symptoms,  had  no  diarrhoea  and  showed  nothing 
beyond  a  dilatation  of  the  pupils  and  moderate  pallor. 

t  On  this  day  the  patient  for  the  first  time  since  admission  spoke  freely  and  voluntarily 
to  the  resident  physician  complaining  of  diaxrhoea. 


«  N.  Y.  Med.  Jaum.,  Ixviii.  1898. 
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TAB  LB  IV    (continued). 

Case  3.    Josephine  Callahan.^ 


Volomeof 

Color  of 

IndoxW- 

Color  of  Chloro- 

lodd 

D»t.. 

Urine. 

Sp.Gt. 

tonn  Bxtract. 

Aibni:!- 
ktratn. 

Ill,    S. -OS 

12S0 

Amber 

lots 

OOOOB 

P«leblue 

"   «■  !; 

1210 

0 

00» 

Li«i" ;: 

OJmtm. 

0038 

"     a]  " 

'mo 

0028 

••     9    ■' 

1070 

c 

0007 

P^  blue 

;;  la  ;; 

c 

MS 

Blue 

0.033  cm. 

1060 

Dsrkbluo 

0.032  - 

■*  ibI  ■■ 

TOO 

013 

c 

Very  diu'k  blue 

oofa  ; 

'■    13,    •■ 

BBO 

c 

)006 

"   i>»lc     " 

■*  u.  - 

1100 

Blu.^ 

006S  - 

;;  IB.  ;; 

iOO 

P.teblue 

0.066  - 

1020 

( 

XM8 

Blue 

0.06B  - 

"    la!  " 

0.005  " 

"  20.  " 

5Z6                 II 

10  4 

Dark  blue 

0.06S  - 

"    21.    •' 

1129 

o.Dei  - 

"  aa,   " 

■^^  :: 

OOM  - 

"    23,     ■' 

670 

10  e 

"    2C.    •• 

104S 

10  6 

)070 

llue 

«    26.    II 

0.007^- 

1300 

10  2 

Light         " 

0  0B7    ■■ 

"    29.    " 

]0«0 

102S 

( 

D130 

^^         '.'. 

0.097  - 

■'    W,     " 

800 

■' 

1020 

Case  4- 

Behsmann.** 

III,    fi.-06 

1400 

Amber 

1015 

0OO31 

Light  blue 

II      8.    II 

( 

s 

i!^?.*.- 

iS"^ 

"      8.    " 

1090 

"        ■    ','. 

960 

0 

..         .. 

330 

»93 

Dark  blue 

0.065  gm. 

730 

Very  dark  blue 

0.0M  " 

620 

010 

0 

»62 

0.065  - 

( 

0080 

0-08i  H 

1ST6 

1119 

Dmrk  blue 

1110 

012 

Light      " 

••    bI  •' 

lS3fi 

012 

< 

Very  dark  blue 

"  ^'  !; 

( 

0036 

Blue 

0O44 

Ol"097  " 

■'    32.    •• 

105 

" 

030 

0.0015 

Duk  blue 

0.007  - 

t  The  onlj'  noteworthy  ■ymptom  in  this  ei 

**  Moderate  diarrfacea  vai  produced:  the  patient  Snally  rafiued  to  urinate 

a  "Bpiil-T  ia  which  (he  iadol  wM  adnuoiiWied.    Otherwise,  no  ■ymptoma. 


An  endeavor  to  throw  some  light  on  this  phase  of  the  question 
was  made  by  giving  indol  to  certain  recovered  and  partially  re- 
covered patients.  The  only  constant  effect  noted  (Table  IV)  was 
the  establishment  of  a  diarrhoea  in  all  but  one  of  the  cases  to  which 
the  indol  was  administered.  Other  results,  except  that  of  a 
notable  increase  of  indoxyl  sulphate  in  the  urine,  were  of  an 
ambiguous  or  entirely  negative  character.  It  is  true  that  the 
dosages   of   indol   were   not    large,    but,    on  the    other   hand. 
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they  were  exhibited  to  patients  of  inferior  and  iinstable  type, 
among  them  those  showing  marked  susceptibiUty  to  alcohol, 
and  continued  in  some  instances  for  several  days,  and  it  is  note- 
worthy that  practically  no  mental  change  of  even  transient 
nature  occurred  which  could  be  attributed  to  the  indol. 

TABLE  V  SHOWING  THE  INFLUENCE  OF  CONCENTRATION  OF  URINE 
AND  ACTUAL  INCREASE  OF  INDICAN  UPON  THE  COLOR  REACTION. 


Subject. 

Date. 

Volume  of 

Urine. 

c.c. 

Sp.  Gr. 

Color  of  Chlorrv 
form  Extract.* 

Indican 
Grams. 

Hackettt 

VI.   2. '061 
"      3.   " 
"     4.   " 
"      5.   •• 

u       7^    u 

100 
200 
300 
375 
200 

1025 
1025 
1025 
1025 
1025 

Intense  blue 
<(          <i 

«t           <« 

«l                     M 

Very  dark  blue 

0.0021 
0.0035 
0.0047 
0.0068 
0.0026 

Biodel 

0 

V.  24.  '06 
"    26.   " 
"    27.    " 

VI.  5.    " 
"    13.    " 

1750 
1600 
1150 
1275 
1570 

1013 
1010 
1012 
1019 
1013 

Light  blue 

Dark     " 
Blue 
Pale  blue 

0.0044 
0.0045 
0.0078 
0.0047 
0.0020 

Rabner 

VII,  16.  '06 

"    17.   •• 

"    18.    " 

"    19.   " 
u   27.   " 

1000 

1550 

950 

775 

750 

1020 
1017 
1017 
1019 
1025 

Very  dark  blue 

l«                  (4             tt 
t*               M 
t(                «( 

M               l«              U 

0.0125 
0.0170 
0.0077 
0.0063 
0.0103 

Healthy  x>enona 

VI.  15.  '06 
-    16,   *• 
"    16.   " 
"    15.   * 
"    15.   «• 

875 

950t 
750 
1160 
1250 

1028 
1024 
1029 
1026 
1018 

Light  blue 
IntenM" 

Very  dark  bhie 
Blue 

0.0019 
0.0196 
0.0140 
0.0119 
0.0043 

*  The  color  noted  was  that  obtained  as  a  result  of  the  first  extraction  with  5  c.c.  of 
chloroform. 

t  This  i>atient  never  white  under  observation  (40  da3^)  excreted  above  410  c.c.  of  urine 
in  24  hours. 

t  Note  that  the  reaction  was  intense  blue  where  there  was  only  100  ex.  of  urine  and  2.21 
mgms.  of  indoxyl.  as  well  as  where  there  was  950  c.c.  of  urine  and  19.6  mgms.  of  indoxyl; 
and  that  in  the  first  test  under  Hackett  and  in  the  first  normal  case  the  amounts  of  indoxyl 
were  practically  equal  but  the  color  reactions  very  difEerent. 

Throughout  all  this  work,  the  urine  was  collected  in  a  divided  vessel,  so  that  there  was 
never  any  admixture  of  feces. 


DISCUSSION  AND  CONCLUSION. 

So  much  of  the  results  of  this  work  is  of  an  entirely  negative 
nature,  that  it  is  necessary  to  attempt  to  account  for  the  positive 
and  definite  findings  of  others. 

The  work  of  Pilcz  is  not  extensive,  and,  like  that  of  Coriat  and 
Townsend,  is  based  entirely  upon  qualitative  determinations  by 
the  method  of  Jafife.     This  test,  once  a  standard  one,  is  inade- 
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qtiate  even  for  routine  urine  examination,  and  quite  out  of  place 
in  ostensibly  scientific  work.  Unless  performed  with  great  can 
the  reaction  is  worthless,  even  as  an  approximate  indicator,  and 
when  all  essentials  of  technic  are  complied  with,  the  result  may 
be  qtiite  misleading,  imless  the  total  excretion  of  tirine  is  noted, 
and  the  strength  of  the  reaction  obtained  considered  in  the 
light  of  this. 

Coriat,  Townsend,  and  Pilcz  did  not  note  the  amotmt  of  urine 
passed  in  twenty-four  hours,  and  did  not  make  their  tests  on 
mixtures  of  the  whole  daily  quantity  but  on  single  voidings,  and, 
as  has  been  noted,  no  attempt  was  made  to  control  any  of  their 
observations  by  similar  tests  made  on  the  urine  of  healthy,  so- 
called  ** normal,"  subjects. 

The  extent  and  importance  of  the  variations  in  amount  of  urine 
excreted  from  day  to  day  even  in  healthy  individuals  has  recently 
been  brought  to  particular  notice  by  Folin.     He  says  ^ : 

"  The  volume  of  urine  eliminated  depends  directly  upon  the  amount  of 
water  consumed.  But  the  variations  in  the  volume  are  of  considerable 
interest.  Such  changes  are  at  times  exceedingly  pronounced  in  the  same 
individual  and  different  persons  will  on  the  same  diet,  habitually  elimi- 
nate very  different  amounts  of  water  with  the  urine.  Changes  of  tlni 
kind  cannot  be  accotmted  for  by  changes  in  weight  and  do  not  corre^>oiid 
to  changes  in  atmospheric  condition. 

**  For  example,  on  comparing  the  first  periods  of  Tables  II,  III  and  X 
(analysis  of  the  urine  of  three  normal  persons,)  we  find  that  on  exactly 
the  same  amotmt  of  water  constuned,  the  volumes  of  urine  eliminated 
during  the  three  days  are  2555  c.c,  3770  c.c,  and  5500  c.c.  req>ectively, 
yet  the  loss  of  body  weight  is  in  each  case  about  300  grms.,  and  the  fast 
two  cases  represent  the  same  dates,  thereby  excluding  the  influence  of 
the  atmospheric  conditions.  Similarly,  in  Table  IV,  (first  period,)  we 
find  the  volume  of  urine  varying  from  780  c.c.  to  2300  c.c.  without  change 
of  diet  and  with  but  a  slight  loss  of  body  weight.'  And  in  Table  II 
(second  period),  we  find  the  volume  of  urine  varying  from  385  c.c.  to 
1880  c.c." 

The  tables  here  shown  and  those  of  other  workers  confirm  these 
facts.  It  is  to  be  noted  that  the  variations  are  not  alone  between 
different  individuals,  though  these  are  most  marked,  but  that 
the  daily  elimination  by  the  same  individual  may  show  in  the 
course  of  a  few  days  large  and  at  present  unaccoxmtabte 
differences. 

«  Amer,  Journ.  of  PhysioL,  xiii,  p.  100,  1905. 


J.  Harvey  Borden  597 

The  daily  production  of  urine  varies  greatly  then  even  under 
absolutely  uniform  conditions  of  temperature,  diet,  atmosphere, 
etc.  How  much  greater  will  be  this  variation  in  the  case  of 
insane  patients  of  whom  many  and  notably  the  ** akinetic" 
ones  are  at  times  with  difficulty  made  to  drink.  This  is  no 
doubt  a  factor  which  exerts  marked  influence  in  diminishing  the 
urinary  output  in  the  early  stages  of  insanities. 

Townsend  called  attention  to  the  fact  that  in  many  of  his 
••melancholia"  cases  the  sweat  excretion  was  tmusually  great, 
the  patients  being  continually  bathed  in  moisture.  This  is  a 
matter  of  not  infrequent  occurrence  in  such  types.  That  this 
vicarious  discharge  of  fluid  may  aid  in  concentrating  the  urine 
and  thus  increase  the  intensity  of  the  indican  reaction  is 
evident  and  was  well  shown  by  a  case  at  this  hospital  a  recoid 
of  whose  urine  and  indican  excretion  are  given  in  Table  V 
(Hackett.) 

It  is  evident  that  these  several  factors  aflEecting  the  volume 
of  urine  passed  might  very  well  lead  to  error  in  estimating  indoxyl 
elimination  by  test-tube  methods  alone,  especially  when  the 
latter  were  faulty  ones,  and  the  tests  made  upon  isolated 
specimens  of  single  voidings,  rather  than  upon  samples  from  the 
mixed  24  hours'  amoimt. 

This  work  was  undertaken  with  the  aim  of  comparing  and 
reconciling  conflicting  statements  in  regard  to  indoxyl  excretion 
in  the  insane.  There  are  certain  difficulties  inherent  in  such 
an  investigation, — the  peculiar  class  of  patients, — the  indefinite, 
loose,  and  inconstant  terminology  of  mental  disease, — and  the 
variations  in  technic  of  previous  workers.  An  attempt  has  been 
made,  however,  to  show, — 

1.  That  in  spite  of  differences  in  nomenclature,  it  is  clear 
that  opinions  on  the  question  are  widely  variant. 

2.  That  these  divergent  views  may  be  put  in  two  main  groups, 
— (a)  That  of  those  who  hold  that  in  certain  types  of  insanity 
indican  elimination  follows  a  characteristic  and  constant  type. 
(6)  That  of  those  who  believe  that  there  is  nothing  constant  or 
characteristic  about  it. 

3.  That  those  holding  the  former  view  employed  methods 
of  investigation  of  questionable  accuracy, — ^that  they  neglected 
to  control  the  work  done, — and  that,  by  reason  of  the  methods 
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employed,  they  were  led  to  attach  exaggerated  importance  to 
differences  in  reaction  which  in  reality  denoted  only  slight  or  00 
difference  in  actual  total  excretion,  and  that  in  addition,  no  two 
of  them  were  in  agreement  as  to  the  type  of  insanity  of  which 
great  or  small  amounts  of  indoxyl  were  characteristic. 

4.  That  Herter  and  Folin,i  who  found  in  the  classes  of  cases 
investigated  nothing  characteristic  or  constant, — employed 
approved  quantitative  methods  of  determination,  and  controlkd 
their  restdts  by  similar  examinations  of  the  tirine  of  healthy 
subjects. 

Finally,  the  residt  of  the  present  investigation  has  gone  to 
show  that  indol  is  not  a  factor  of  importance  in  detennining 
the  onset  of  depressive  or  other  psychoses,  and,  although  o^ 
casionally  found  somewhat  increased  at  the  beginning  of  sudi 
a  psychosis,  it  is  not  constantly  and  seldom  excessively  increased, 
returns  to  normal  long  before  there  is  any  improvement  in  the 
patient's  mental  condition  and  bears  no  constant  relation 
causative  or  other  to  any  partictdar  form  of  insanity. 

The  writer  wishes  to  express  sincere  thanks  to  Dr.  Adolf 
Meyer  and  Dr.  Frank  Wood  for  their  many  valuable  suggestions 
and  criticisms;  also  to  Drs.  Kirby  and  Holmes  of  the  Institute 
for  the  preparation  of  the  case-histories. 

SUMMARIES  OP  CASE  HISTORIES  OF  PATIENTS. 

Cases  i-ig  First  Series. 

1.  E.  T.,  age  39.  Diagnosis:  Depressive  hallucinosis,  tending  to 
stupor.     Duration,  3  months. 

Under  observation  a  condition  of  partial  stupor  has  existed;  fbe  ii 
without  spontaneity  in  speech  or  action,  but  her  movements  are  not 
retarded  and  she  is  free  from  rigidity  or  catalepsy.  As  a  rule  her  face  ii 
stolid,  and  she  gazes  in  a  preoccupied  way. 

2.  M.  K.,  age  56.  Diagnosis:  Involution  depression  with  a  hypo- 
chondriacal  trend  and  a  well  developed  h3rsterical  symptom-oomi^ 
Duration,  4  months. 

During  the  period  of  observation  the  patient  was  quiet,  dejected,  and 
inactive.  Orientation  good;  no  amnesias  determined.  General  pais 
anaesthesia,  absence  of  corneal  and  pharyngeal  reflexes. 

3.  S.  H.,  age  39.  Diagnosis:  Constitutional  inferiority,  with 
apathetic  deterioration.     Slow  development  since  puberty. 


>  Folin  investigated  almost  all  types  of  mental  disease. 
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During  the  period  of  observation,  the  condition  was  one  of  profound 
apathy;  she  sat  gazing  all  day,  tending  to  assume  a  fixed  position,  never 
moving  tmless  prompted,  and  not  responding  except  in  occasional  mono- 
syllables.    Some  aversion  and  resistance,  but  no  rigidity  or  catalepsy. 

4.  M.  B.,  age  46.  Diagnosis:  General  paralysis,  tabetic  form,  onset 
with  h3rsterical  symptoms.     Dtiration  3  months.     Husband  syphilitic. 

During  the  period  when  the  urine  was  collected,  all  initiative  was  abol- 
ished; she  di^layed  no  interest,  never  spoke  spontaneously  or  moved 
voluntarily  from  her  chair.  Absent  knee  jerks.  Argyl-Robertson 
pupils,  general  diminution  in  pain  sensibility;  speech  defect.  .Cerebro- 
spinal fluid  showed  marked  lymphocytosis. 

5.  H.  L.,  age  20.  Diagnosis:  Dementia  prsecox.  Duration,  3 
months. 

During  the  time  when  the  urine  was  collected,  she  appeared  dejected 
and  preoccupied,  spontaneous  activity  was  much  diminished;  she  sat 
gazing  down,  turned  her  face  away  when  questioned,  responded  very 
little.  In  bed  she  wished  to  keep  her  head  covered;  she  moved  very 
seldom,  and  showed  slight  resistance  in  her  arms  in  harmony  with  a 
general  averse  attitude. 

6.  C.  H.,  age  2Z.     Diagnosis:  Dementia  prsscox — Duration  1}  years. 
The  patient  has  been  in  a  pseudo-stuporous  condition  for  6  months. 

She  is  profoundly  apathetic  and  inactive.  She  sits  all  day  in  a  constrained 
attitude,  and  never  moves  of  her  own  accord.  There  is  slight  stiffness  in 
the  limbs,  and  a  tendency  to  catalepsy. 

7.  C.  B.,  age  40.'  Diagnosis:  Manic-depressive  insanity;  two  pre- 
vious attacks;  the  present  a  manic  attack  of  two  months  duration. 

During  the  period  of  observation  the  patient  was  in  a  state  of  over- 
activity and  mischievous  behavior.  With  this  motor  excitement  she  kept 
up  a  steady  stream  of  talk,  which  showed  flights  of  ideas,  or  merely  a 
reminiscent  drifting  from  one  topic  to  another. 

8.  M.  M.,  age  47.  Diagnosis:  Alcoholic  hallucinosis  with  delirious 
admixtures;  tendency  to  stupor;  3  previous  attacks  of  delirium  tremens. 

During  the  first  week  that  the  urine  was  collected,  the  patient  was 
stuporous  most  of  the  time.  There  was  a  high  degree  of  general  rigidity; 
hallucinations  at  this  time  were  abtmdant. 

During  the  second  week  she  began  to  improve,  the  hallucinations  sub- 
sided, and  the  fear  disappeared;  she  became  bright  and  cheerful,  and 
during  the  last  three  weeks  she  seemed  to  be  in  her  normal  condition. 

9.  Ida  Joseph: 

Admitted  May  10,  1905.  Age  a8.  Constitutional  inferiority  with 
recurrent  outbreaks  of  impulsive  acts  and  fits  of  uncontrollable  temper. 
Improvement  and  discharge  in  about  two  months. 

10.  Mary  Cavanaoh: 

Admitted  May   18,   1905.      Age   55.      Manic-depressive  insanity.     7 
previous  attacks  with  recovery, 
zz.     LouiSB  Forshbb: 
Admitted  May  z8,  Z905.      Age  30.      Infective  exhaustive  psychosis  of 
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sudden  onset  during  lactation.     Improved,  and  discharged  in  7  months 

19.    Cathbrinb  Lbddt: 

Admitted  May  x8,  1905.  Age  49.  Depressive  hallucinosis  occurns; 
at  the  involution  period.  Subsidence  of  hallucinations  in  about  6 
months'  time,  but  persistence  of  an  indifferent,  lackadaisacal,  ambitionks 
mood.     Still  in  the  hospital  at  the  end  of  11  months. 

13.  Anna  Whiskbr: 

Admitted  May  90,  1905.  Age  43.  Recurrent  paranoiac  trend.  Two 
previous  attacks  with  improvement ;  some  excess  in  alcohol.  Still  m  tbe 
hospital  at  the  end  of  ix  months. 

14.  Catherinb  Porfbnofp: 

Admitted  May  20, 1905.  Age  50  (?);  slight  paranoiac  wave  after  pro- 
longed over-work  and  worry.     Recovery  and  discharge  in  two  months. 

15.  LizziB  Mblvillb: 

Admitted  May  25,  1905.  Age  21.  Dementia  praecox  in  an  inferior 
individual  manifesting  itself  during  pregnancy  and  after  a  rheumatic 
attack — gradual  decline.     Still  in  the  hospital  after  a  period  of  10  months. 

x6.     Emily  Clinch: 

Admitted  Jime  7,  1905.  Age  33.  Depression  not  sufficiently  distin- 
guished. Ill-defined  hallucinations;  gradual  improvement.  StUl  in  the 
ho^ital  at  the  end  of  10  months. 

X7.     Albertina  Hubbel: 

Admitted  June  x,  1905.  Age  39.  Paranoiac  condition  of  gradoil 
development  and  six  years  duration.  No  defect.  Still  in  the  ho^tal 
after  a  period  of  10  months. 

18.  B.  P.,  age  23.      Diagnosis!  Dementia  prsscox.     Duration  2  years. 
The  patient  has  been  in  a  hypokinetic  state  with  mutism  for  over  a 

year. 

During  the  period  of  the  observation,  there  was  no  change  in  her 
condition.  Considerable  muscular  tension  is  encountered  in  the  limbs. 
She  never  changes  her  fixed  position  except  to  eat,  and  about  this  she  is 
sloven  and  tmtidy. 

19.  S.  P.,  age  19.  Diagnosis:  Dementia  praecox  (constitutioiial 
inferiority,  followed  by  hebephrenic  deterioration.)  Duration  four  years. 

In  the  hospital  the  patient  has  been  dull,  listless,  and  apathetic. 

During  the  period  when  her  urine  was  collected,  she  was  entirely  without 
spontaneous  activity.  The  only  reaction  to  questions  was  an  occasional 
smile.  Mild  muscular  resistance  was  present  in  the  limbs,  but  no 
catalepsy. 

20.  A.  G.,  age  52.  Diagnosis:  Depressive  hallucinoais,  recurrent 
attacks  without  any  known  toxic  etiology. 

The  present  attack  has  lasted  about  a  month.  During  the  time  tbe 
urine  was  collected,  patient  was  depressed  and  inactive;  she  sat  quietly, 
rarely  spoke  or  moved  of  her  own  accord,  yet  she  was  not  tetarded. 
Orientation  clear. 

ax.  J.  O'D.,  age  26.  Diagnosis:  Dementia  pnecox.  Duratiott,  4 
months. 
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The  patient  has  been  mute  and  partially  stuporous  for  two  months; 
she  shows  practically  no  spontaneous  activity;  there  is  general  muscular 
tension  and  the  head  springs  forward  if  it  is  pushed  backward;  never 
moves  unless  strongly  urged,  and  refuses  to  make  any  effort  to  care  for 
herself. 

22.  M.  E.,  age  39.  Diagnosis:  Manic-depressive  insanity.  6  pre- 
vious attacks;  the  present  a  manic  attack;  duration  6  weeks. 

During  the  period  of  observation,  the  excitement  had  abated  somewhat. 
She  was  still  very  talkative,  but  only  mildly  over-active  with  occasionally 
an  episode  of  more  intense  excitement.  At  times  she  was  irritable, 
threatening  and  scolding ;  she  produced  flights,  rhymes  and  sound  associa- 
tions; distractibility  well  marked. 

23.  G.  McG.,  age  21.  Diagnosis:  Excitement  allied  to  manic-de- 
pressive insanity.     Duration,  3  months. 

At  the  time  when  the  urine  was  collected,  the  excitement  was  subsiding 
somewhat.  Previously  she  had  shown  considerable  motor  restlessness 
with  heightened  spirits  and  productivity  in  speech. 

When  tinder  observation  for  the  collection  of  urine,  she  showed  less 
psycho-motor  excitement,  but  there  were  frequent  impulsive  acts  and 
destructive  outbreaks ;  she  still  gave  irrelevant  or  random  replies,  giggled 
excessively,  and  laughed  boisterously. 

24.  E.  G.,  age  38.  Diagnosis:  Manic-depressive  insanity,  (manic 
attack.)  Duration  2  months.  Pour  previous  attacks.  During  the 
period  when  the  urine  was  collected,  the  patient  was  in  a  state  of  mild 
exhilaration,  accompanied  by  a  moderate  degree  of  busy  activity  and 
inclination  to  mischievous  conduct ;  she  produced  a  continuous  stream  of 
talk,  characterized  by  qtiick  shifting  of  topics,  flights  of  ideas  and  sound 
associations. 

25.  D.  R.,  age  76.  Diagnosis:  Manic-depressive  insanity.  Circular 
form.  Attacks  of  excitement  and  depression,  lasting  from  2  to  4  months 
each,  brief  lucid  periods  at  irregular  intervals.  The  patient  has  remained 
in  the  hospital  continuously  for  31  years. 

Her  urine  was  collected  while  she  was  in  a  state  of  excitement. 
This  was  characterized  by  an  exhilarated  mood,  a  high  degree  of  busy 
activity  and  a  constant  stream  of  talk,  with  flights  of  ideas  and  great 
distractibility. 

26.  Elizabeth  Rbgan: 

Admitted  Dec.  16,  1905.  Age  27.  Dementia  praecox.  No  improve- 
ment in  four  months.     Akinetic. 

27.  Barbara  Schmidtj 

Admitted  Jan.  2,  1906.  "  Age  37.  Infective  exhaustive  psychosis — 
constittitional  peculiarity — gradual  improvement — subsidence  of  halluci- 
nations— ^itKtention  of  some  probable  constitutional  traits.     Akinetic. 

28.  Mary  Straits: 

Admitted  Nov.  15,  1905.  Age  46.  Allied  to  manic-depressive  in- 
sanity. A  recurrent  depression  occurring  during  the  involution  age ;  the 
first  attack  at  42  followed  by  probable  recovery.     The  second  and  present 
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attack  being  characterized  by  lymptoms  of  both  manic-depracrt 
insanity  and  Involution  Psychosis. — Gtmdual  improvenaent.  Akxnettc, 
with  agitation. 

39.    Annib  Machaubr: 

Admitted  Jan.  xa,  1906.  Age  a8.  Manic-depressive  insanity.  One 
previous  attack  10  years  ago  which  devek>ped  suddenly  after  an  operatkic 
and  was  followed  by  recovery.  Present  attack  an  ill-defined  depresaon 
developed  after  the  death  of  her  father;  gradual  improvement  during  the 
three  months  in  which  she  has  been  in  the  hospital.  Sudden  improvement 
during  the  indol  feeding.  March  98,  continued  improvement,  more  cheer- 
ful expression,  pleasant  mood,  movements  nattiral,  and  fairiy  free. 
Patient  had  had  nothing  to  say  till  the  second  day  of  indol  feeding,  wbes 
she  came  voluntarily  and  told  freely  of  the  diarrhoea  from  which  she  wbs 
suffering.     It  was  found  that  she  was  well  oriented. 

30.  Lizzie  Littlb: 

Admitted  Feb.  aa,  1906.  Age  45.  Alcoholic  psychosis.  No  im- 
provement during  two  months  stay  in  the  hospital.  Apprehension  asd 
anxiety.     Akinetic. 

31.  MaryMohr: 

Admitted  Feb.  26,  1906.  Age  36.  AlcohoUc  p63rchosis.  Constita- 
tional  peculiarities.  Gradual  improvement  during^  two  months  stay  is 
the  hospital.     Kinetic  case. 

32.  Mary  McNulty: 

Readmitted  Feb.  12,  1906.  Age  35.  Dementia  praeoox;  durations 
years;  gradual  decline.    Akinetic.     March  13,  some  improvement. 

33.  Jbnnib  Parker: 

Admitted  March  6,  1906.  Age  35.  Manic-depressive  insanity.  Two  pre- 
vious  attacks  with  recovery ;  present  attack  developed  suddenly  after  child- 
birth ;  pronounced  improvement  in  three  weeks  after  admission.     iCnetie. 

34.  Annib  Brett: 

Admitted  Mar.  14,  1906.  Age  36.  Dementia  paralytica  of  at  letit 
1}  years  duration. 

35.  Amelia    Behsman: 

Admitted  Dec.  5,  1905.  Age  59.  Alcoholic  psychosis.  Constitit- 
tional  peculiarities.  No  permanent  improvement  during^  the  4  monthf 
stay  in  the  hospital.  No  change  during  Indol  feeding.  Modente 
diarrhoea.  Frequent  outbursts  of  temper  and  refractoriness.  No  move- 
ments. 

36.  Joseph  Callahan: 

Admitted  Jan.  xo,  1906.  Age  20.  Allied  to  manic-depressive  insanity. 
First  attack — gradual  onset  after  prolonged  hard  work;  gradual  improve- 
ment.    No  change  during  the  indol  feeding.    Moderate  diarrhcea. 

37.  Annie  Diamond: 

Admitted  Sept.  23,  1905.  Age  15.  Allied  to  manic-depieasive 
insanity — First  attack,  sudden  development  after  prolonged  hard  work, 
and  loss  of  sleep.  Recovery  in  5  months.  No  change  during  the  mdol 
feeding. 


THE  KINDS  OF  LACTIC  ACID  PRODUCED  BY  LACTIC 

ACm  BACTERIA. 

,^    ,  By  p.  G.  HEINEMANN. 

(From  th€  Bacteriological  Laboratory,  University  of  Chicago,) 
(Received  for  publication,  November  23,  1906.) 

The  writer  has  called  attention  to  the  similarity  of  the  cultural 
and  morphological  characters  of  B.  acidi  lactici  (Hueppe  and 
others)  with  those  of  B.  (lactis)  a§rogenes  (Escherich),  and  also 
to  the  similarity  of  B.  lactis  acidi  (Leichmann  and  others; 
Streptococcus  lacticus,  Kruse)  and  Streptococcus  pyogenes.* 
In  a  later  paper  a  resemblance  is  also  shown  to  exist  between 
Str.  lacticus  and  Str.  pyogenes  ^  in  respect  to  their  behavior  when 
inoculated  into  rabbits.  Additional  proof  of  the  similarity 
of  Str.  lacticus  with  Str.  pyogenes  and  of  B.  acidi  lactici  with 
B.  aSrogenes  may  now  be  presented. 

The  results  of  experiments  of  various  authors  on  the  kind 
of  lactic  acid  formed  in  naturally  soured  milk  do  not  agree. 
Gather  and  Thierfelder^  state  that  the  lactic  add  present  in 
naturally  soured  milk  is  not  always  solely  the  so-called  fer- 
mentation lactic  acid  or,  as  it  is  also  termed,  the  optically  inactive 
or  racemic  variety.^  They  fotmd  that  in  most  cases,  to  be  sure 
-^inactive  add"  was  present,  but  that  often  there  was  a  pre* 
ponderance  of  dextro-rotatory  add.  The  organism  called  B.. 
lactis  addi  (Streptococcus  lacticus,  Kruse)  in  pure  culture  pro* 
duoed  invariably  pure  d-add.  Leichmann  ^  found  that  B. 
lactis  addi  in  pure  culture  produced  only  d-add.    He  expected 

^Jornn,  of  If^eet.  Dis.^  iii,  p.  273,  2906. 

>  Jhid.t  iv,  p.  87,  2907. 

*Arch.  f,  Hyg.,  xxv,  p.  164,  1895. 

« In  accord  with  modem  chemical  nomendature  the  expreirion  "raoemio 
add"  or  "r-add"  will  be  employed  in  this  paper  in  place  of  *'iiiactiT<e** 
or  "i-«dd." 

•  CetOralbl.  f,  Bakt.  etc,,  ii,  a,  p.  777,  1896. 
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to  find  the  same  add  in  nattirally  soured  milk,  but  observed  that 
when  milk  soured  at  higher  temperatures  "inactive"  add  was 
fotmd.    According  to  Thiele  ^  there  is  present  mostly  d-add  at 
room  temperature  during  the  first  few  days,  but  after  seven 
days  "inactive"  add  with  some  d-add  is  present.     At  37* C. 
d-acid  is  fovmd  after  36  hours,  later  ** inactive,"  and  finally 
"inactive  mixed  with  1-acid. "    At  variance  with  these  results 
are  those  of  Kozai.^    This  author  found  in  milk,  naturally  soured 
at  room  temperature,  pure  d-add  or  **  d-acid  mixed  with  a  small 
amotmt  of  inactive  acid,"  while  at  37°  he  found  **  inactive  with 
some  1-add. "     He  concludes  that  bacteria  forming  1-add  grow 
preferably  at  the  higher  temperature.     The  presence  of  "in- 
active" add  is  attributed  to  the  activity  of  two  different  species 
of  bacteria.     Kozai  also  advances  the  idea  that  possibly  one  of 
the  two  acids  is  consumed  by  bacteria.     Nef,*   however,  has 
observed  the  auto-transformation  of  active  lactic  acid  to  racemic 
acid.      Utz*  agrees  with   Kozai  in  noting   that   "inactive  (ff 
inactive  mixed  with  d-acid"   are  produced  at  room  tempera- 
ture, but  could  observe  no  difference  at  higher  temperatures. 
MacKenzie^  has  criticised  fundamentally  the  methods  used  by 
the  above  mentioned  observers.     He  argues  that,  since  active 
zinc  lactates  are  soluble  in  17.5  parts  of  water  at  15**  C,  iridk 
inactive  zinc  lactate  is  soluble  in  53  parts,  there  is  the  possibility* 
that  in  the  process  ©f  crystallizing  the  difficultly  soluble  inactive 
salt  any  active  salt  present  may  remain  in  solution  in  the  mother 
liquor.     By   repeated   crystallization    (the    zinc  salt  being  re- 
crystallized  in  order  to  purify  it)  all  traces  of  active  salt  may  be 
lost  sight  of.     The  author  concludes,  therefore,  that  the  results 
of  G^nther  and  Thierfelder,  Kozai,  Utz,  and  Thiele  are  not  as 
contradictory  as  might  appear  on  the  surface,  since  their  methods 
probably   allowed    some   active    salts   to   escape    observation. 
MacKenzie  also  advances  the  view  that  racemic  acid  is  never 
produced  by  the  one  spedes  of  micro-organism,  but  that  separate 
species  produce  either  one  or  the  other  of  the  two  active  adds. 

«  Zeitschr,  f,  Hyg.,  xlvi,  p.  394,  1904. 

«  Ibid.,  xxxi,  p.  337,  X899. 

*  Ann.  d,  Chem,,  cccxxxv,  pp.  243  and  990,  1904. 

«  Centrdlbl.  f,  Bakt,  etc.,  xi,  2,  p.  600,  1903-04. 

^Joum,  of  the  Chem,  Soc,,  Ixxxvii  and  Ixxxviii,  p.  373,  1905. 
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This  opinion  has  been  confirmed  by  carefully  executed  experi- 
ments with  pure  cultures  of  various  moulds  by  MacKenzie  and 
Harden.^ 

My  attention  was  called  to  MacKenzie 's  paper  after  the  greater 
part  of  the  results  presented  in  the  accompanying  tables  had 
been  gathered.  Towards  the  end  of  my  work  a  few  tests  of 
the  mother  liquor  were  made  and  the  results  fully  bear  out 
MacKenzie 's  criticism.  In  several  instances  inactive  zinc 
salt  crystallized  leaving  appreciable  amounts  of  active  salt  in 
solution. 

I  have  carried  out  two  series  of  experiments.  The  object  of 
the  first  series  was  to  determine  what  kind  of  acid  was  produced 
by  lactic  acid  bacteria  in  pure  culture  and  in  mixtures.  The  list 
included  various  strains  of  Str.  lacticus,  Str.  pyogenes,  Micr. 
lanceolatus,  B.  acidi  lactici  (B.  aSrogenes  var.  lacticus),  and  one 
strain  of  B.  aSrogenes  and  B.  coli.  Cultures  of  these  organisms 
were  added  to  "certified"  milk,  and  control  plates  prepared  to 
test  the  purity  of  the  cultures.  After  the  bulk  of  the  cream 
had  been  removed.^  the  milk  was  sterilized  for  three  days  in  the 
steam  sterilizer  and  then  preserved  at  room  temperature  for  one 
week  to  test  the  sterility.  The  fermentation  of  the  milk  con- 
taining pure  cultures  was  interrupted  after  three  days;  in  the 
flasks  with  mixtures  the  fermentation  was  interrupted  in  three 
days  in  some  instances,  in  others  after  five  days.  The  results 
appear  in  Table  I.  All  the  streptococci  produced  d-acid. 
All  the  bacilli  produced  1-acid.  In  mixtures  kept  at  37®  C 
those  which  stood  for  three  days  contained  d-acid,  those  which 
stood  for  five  days  r-acid.  At  room  temperature  pure  d-acid 
is  formed. 

The  second  series  of  experiments  was  carried  out  in  the 
following  manner:  Samples  of  milk  from  four  different  sources 
were  examined.  Each  of  the  four  kinds  of  milk  was  treated  as 
follows.  After  removing  the  bulk  of  the  cream  of  21  one  quart 
bottles  the  contents  were  emptied  into  a  large  container  and 
thoroughly  mixed,  thus  securing  perfect  uniformity  of  the  milk. 

>  Proe.ofthe  Chmn.  Soc,,  xix,  p.  48, 1903. 

s  By  xexnoving  the  cream  but  little  fat  remained  to  dissolve  in  the 
ether  and  the  isolation  of  the  lactic  acid  was  facilitated.  This  was  of 
particular  importance,  when  the  coagulum  was  granular  or  incomplete. 
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Plates  in  lactose  litmus  agar  were  then  prepared  from  this  fiesh 
milk.  The  covuits  after  three  days  were  the  smallest  for  ''certi- 
fied" milk,  marked  "C"  in  the  table.  The  next  higher  count 
was  found  in  milk  ''B,"  then  follows  "A."  and  "M"  finally 
contained  the  largest  number  of  bacteria. 

TABLB  L 

8PBCIPIC   ROTATORY    POWBR    OP   ZINC   LACTATES    PRBPARBD     PROM   LACHC 
ACID,   PRODUCBD   BY   PURB    CULTURB8    AND    iCIXTURBS    OP    PURB 

CULTURBS   IN    8TBRIUZBD    MILK. 


OfBMiim. 

At  37*  C. 

Room 

Pneumococcus  A. 

-7.33 

iNot  suffioest 
growth. 

B. 

-7.33 

«• 

Str.  Pyogenes.  (Mening.) 

(ToniulO 

-7.14 
-7.81 

•1 
•1 

(Scar,  f.) 

-7.37 

•I 

««            It             •• 

-7.44 

•« 

"    lactic  (Chic,  milk) 

-7.60 

-7.49 

«•                  «•                        It                    4« 

-7.29 

-7.40 

««                  <•                        •<                    It 

-7.31 

-8.00 

«•                  •«                         (•                    (« 

-7.20 

-7.58 

«<                  t«                        11                    «• 

-7.47 

-7.38 

•I                  <•                        tl                    «4 

-7.24 

-7.30 

«l                  ••                        <«                    (« 

-7.31 

-7.49 

••                  II                        It                    11 

-7.14 

-7.56 

••     (Starter) 

-7.20 

-7.66 

••     (Russell) 
"     (N.  Y.  Sta.) 

-7.21 

-7.65 

-7.16 

-7.08 

B.  ac.  lact.  (Hueppe) 

+  7.30 

+  7.55 

••    (Chic,  milk) 
"        *•    (Lab.  U.ofC.) 

+  7.76 

+  7.74 

+  7.17 

+  7.30 

B.  aerog.        *•       "   ••    •• 

+  7.11 

+  7.20 

B.coU             ••       "   "    " 

+  7.24 

+  7.61 

B.  ac.  lact.  +  Str.  lact. 

-7.47 

-7.31 

•  «                  11           (4            It                (t 

-6.62 

-7.61 

•  1                  II          II            11                II 

inact. 

-7.05 

•  1                  II          II            II                II 

(1 

-7.06 

• pyog. 

-5.32 

+  6.05 

B.  coli  +  Str.  lact. 

inact. 

-7.06 

B.  afirog.  +  Str.  lact. 

-7.23 

-7.33 

Each  one  of  these  four  lots  of  mixed  milk  was  then  transferred 
to  1 8  one-liter  flasks,  which  had  been  sterilized.  Nine  flasks 
of  each  lot  were  kept  at  room  temperature,  the  other  nine  at 
37<>  C.  One  flask  of  each  lot  was  removed  every  succeeding  day 
and  the  zinc  lactate  prepared  in  the  usual  manner.  The  four 
kinds  of  milk  were  treated  in  the  same  fashion. 
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TABLE  II, 

LOTATORY    POWBR   OP    ZINC    LACTATES,    PRBPARBD   PROM    LACTIC 
ACID,   PRODUCBD    IN    NATURALLY    SOURBD   MILK. 


^Kind  of  Milk. 

Days. 

At37'C. 

At  Room 
Temperatur*. 

1 

-7.69 

-7.09 

2 

-7.46 

-7.19 

3 

-7.34 

-7.23 

4 

-7.43 

-7.43 

..Qf» 

5 

-7.31 

-7.23 

6 

-1.61 

-7.53 

7 

inact. 

-7.38 

8 

i« 

-7.79 

9 

•« 

-7.30 

21 

no  test 

-6.71 

1 

-7.34 

-7.26 

2 

-6.27 

-7.76 

3 

-4.86 

-7.09 

4 

-1.38 

-7.11 

"A" 

5 

-0.90 

-7.47 

6 

inact. 

-1.92 

7 

(( 

inact. 

8 

•« 

i« 

9 

+  1.02 

«i 

1 

-7.14 

-7.32 

2 

-6.18 

-7.18 

3 

-4.07 

-7.53 

4 

-2.84 

-5.70 

Mg" 

5 

-1.11 

-3.15 

6 

inact. 

-1.02 

7 

i( 

inact. 

8 

4« 

ti 

9 

+  1.98 

i« 

1 

-7.34 

-6.27 

2 

-4.40 

-5.31 

3 

inact. 

-4.80 

4 

+  0.76 

-3.49 

"M" 

5 

+  1.17 

-2.03 

6 

+  1.43 

+  2.10 

7 

+  1.67 

inact. 

8 

+  2.36 

(( 

9 

+  3.46 

i< 

Examination  of  the  figures  in  Table  II  shows  that  the  first 
lot  of  milk,  marked  **C"  and  which  was  ** certified"  milk  of 
the  highest  character,  contained  pure  d-acid  throughout  five 
days  at  37**  C,  on  the  sixth  day  a  mixture  of  d-acid  and  1-acid, 
the  former  somewhat  in  excess.     Finally,  on  the  seventh,  eighth. 
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and  ninth  days,  i^-acid  only  was  present.  At  room  temperature 
pure  d-acid  was  present  for  nine  days.  It  happened  that  one 
flask  in  excess  of  the  regular  number  stood  for  21  days,  after 
which  time  a  small  amount  of  l-add  was  fotmd  to  be  present 

The  other  three  kinds  of  milk  were  market  milk  of  good  average 
quality.  Milks  **A"  and  **B":  Both  kinds  show  similar  results. 
At  37°  C,  commencing  on  the  first  day  both  active  adds  were 
present  in  equal  amounts  so  as  to  form  i^acid.  On  the  ninth 
day  1-add  was  slightly  in  excess.  The  mother  liquor,  however, 
retained  increasing  amounts  of  1-add  from  the  seventh  day  in 
**A,"  and  l--acid  was  found  in  excess  on  the  ninth  day  in  **B." 
At  room  temperature  d-add  was  present  for  five  and  three  days 
respectively,  and  r-acid  on  the  seventh  to  ninth  day.  The 
mother  liquor  retained  some  d-acid  in  excess  of  r-acid  for  two 
days  after  the  inactive  zinc  salt  had  been  crystallized. 

Milk  **M":  At  sj^  C.  d-add  was  formed  on  the  first  day,  on 
the  second  there  was  d-acid  with  some  1-add,  on  the  third  r-add, 
and  after  that  the  excess  of  1-acid  increased  steadily.  At  room 
temperature  the  increase  of  1-acid  was  much  slower  than  at 
37°C.  and  equalled  the  amount  of  d-add  on  the  seventh  day 
without  being  in  excess  up  to  the  ninth. 

These  experiments  show  that  in  milk  from  different  sources 
different  kinds  of  lactic  add  may  develop  and  that  in  ''certified" 
milk  the  period  during  which  d-add  predominates  is  longer  than 
in  ordinary  milk.  Preponderance  of  d-add  is  also  favored  by 
preserving  milk  at  low  temperatures.  Lactic  add  in  sour  milk 
is  produced  chiefly  by  the  activity  of  Streptococcus  lacticus  and 
Badllus  aSrogenes.  Since  "certified"  milk  contains  d-add  in 
excess  of  1-acid  for  a  longer  period  of  time  both  at  37^  C.  and 
at  room  temperature  than  the  other  kinds  of  milk,  it  seems  safe 
to  conclude  that,  from  a  bacteriological  point  of  view,  Str.  lacticus 
predominates  in  approximate  proportion  to  the  purity  of  the 
milk. 

Before  the  whey  was  separated  from  the  coagulum  and  filtered 
for  the  purpose  of  isolating  the  lactic  add,  the  flask  was 
thoroughly  shaken  and  one  cubic  centimeter  diluted  1:10,000 
with  sterile  water  and  one  cubic  centimeter  of  the  dilution  plated 
in  lactose  litmus  agar.  After  three  days  of  incubation  the 
colonies  were  covmted.    The  results  confimaed  the  condusion 
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arrived  at  in  a  previous  paper,^  that  the  number  of  Str.  lacticus 
increases  with  the  progress  of  the  acid  fermentation,  the  ntimber 
of  B.  aSrogenes,  however,  decreases.  This  phenomenon  was 
also  noticed  at  37^  C.,  but  was  not  so  pronounced  as  at  room 
temperatoire.  Conn^  has  found  95  to  100  percent,  of  all  organ- 
isms in  loppered  milk  to  be  of  the  B.  lactis  acidi  type  (Str. 
lacticus).  It  is  to  be  observed,  however,  that  this  increase  of 
Str.  lacticus,  which  produces  pure  d-add,  is  not  accompanied 
by  a  relative  increase  of  d-acid,  on  the  contrary,  1-acid  increases 
in  proportion  to  d-acid  together  with  a  decrease  in  numbers  of 
B.  aSrogenes,  although  this  latter  organism  produces  pure  l~acid. 
This  apparent  discrepancy  is  difficult  to  explain.  We  find 
frequent  mention  in  the  literature  of  the  fact  that  micro-organ- 
isms prefer  assimilating  one  of  the  two  optical  antipodes  to  the 
other,  if  the  racemic  variety  is  in  the  meditim.  The  greater 
number  of  these  observations  show  that  d-acid  is  constmied  and 
that  1-acid  is  left  intact  or  attacked  but  little.  If  this  be  true, 
we  must  asstmie  according  to  Nef's  theory  of  dissociation^  that 
d-acid  is  dissociated  to  a  higher  degree  than  1-acid  and  is,  there- 
fore, constuned  by  some  of  the  bacteria  present  as  Kozai  has 
supposed  or,  as  Nef  has  suggested,  that  by  auto-transformation 
depending  on  dissociation,  d-acid  is  converted  into  1-acid  respec- 
tively r-acid.  This  view  receives  support  from  the  fact  that  at 
37*^  C.  the  relative  amotmt  of  1-acid  increases  more  rapidl>  than 
at  room  temperature. 

Another  explanation  is  suggested  on  the  basis  of  Buchner  and 
Meisenheimer's^  and  Herzoe's*  discovery  that  lactose  is  converted 
into  lactic  acid  by  the  activity  of  an  endoenzyme  produced  by 
lactic  acid  bacteria.  This  enzjnne  may  be  liberated  and  diffused 
through  the  medium  after  the  death  of  B.  aSrogenes  and  con- 
tinue forming  lactic  acid  from  the  lactose  present.  A  minute 
amotmt  of  enzyme  is  all  that  is  necessary  to  produce  this  result. 
Buchner  and  Meisenheimer  did  not  test  the  rotatory  power  of  the 
lactic  acid  produced  by  their  enzjnne,  but  state  that  it  appeared 

>  hoc.  Cfi. 

>  Fifteenth  Ann,  Rep.  Starrs  Agric.  Ex,  Sta,,  1903,  p.  93. 

*  Loc,  cU. 

*  Ber.  d,  detUsch.  chem.  Gesellsch.,  xxxvi,  p.  634,  1903. 

*  Zeitschr,  f.  physiol.  Chem.,  xxxvii,  p.  381,  1903. 
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to  be  optically  active.  The  greater  increase  of  1-acid  at  37**  C 
favors  this  view,  as  it  is  known  that  enzymes  generally  act  more 
rapidly  at  temperatures  higher  than  room  temperature. 

The  opposing  views  of  Leichmann,  Gunther,  and  ThierfeWcr 
on  one  side  and  of  Kozai  and  others  on  the  other  can  be  hanxKm- 
ized  by  consideration  of  the  following  points: 

1.  It  has  been  shown  that  in  milk,  obtained  and  preserved 
with  aseptic  precautions,  d-acid  is  the  chief  product,  both  at 
room  temperature  and  at  37°  C.     In  milk  of  poorer  quality  the 
d-acid  is  rapidly  neutralized  by  1-acid  so  that  r-acid  results  and  at 
incubator  temperature  the  excess  of  d-acid  is  of  such  short  dura- 
tion that  1-acid  appears  in  equal  amotmts   after   forty-eight 
hours.     Milk  **M"  in  the  table  is  of  a  quality  above  that  of 
average  market  milk  sold  in  bulk  and  it  is  quite  in  accord  with  the 
foregoing  experiments  to  assimie  that  milk  with  high  bacterial 
content  may  contain  r-acid  in  24  hours  at  37**  C.      In  a  later 
paper  Gunther  and  Thierfelder  ^  have  described  experiments  in 
which  d-acid  is  formed  chiefly  at  room  temperature,  but  they 
found  no  constant  variation  at  37**  C.    The  time  of  fermentation 
is  not  stated,  but  it  is  stated  that  the  eight  samples  of  milk 
examined  were  of  unusually  good  quality.     Nothing  but  d-add 
could  be  expected  under  such  conditions.     The  authors  con- 
clude that  the  kind  of  acid  produced  varies  with  diflferent  condi- 
tions and  that  they  can  find  no  adequate  explanation  of  this 
phenomenon.     The  experiments  discussed  in  this  paper  indicate 
that  the  quality  of  the  milk  examined  influences  the  results,  and 
the  possibility  of  Kozai  having  worked  with  mDk  of  a  higher 
standard  affords  a  reasonable  explanation  of  the   diflEerences 
between  his  results  and  those  of  Gunther  and  Thierfelder  in  their 
earlier  work. 

2.  The  time  elapsing  from  the  commencement  of  acid  fer- 
mentation to  the  interruption  has  been  shown  to  influence  the 
results.  Milk  examined  at  an  early  period  may  contain  d-add, 
at  a  later  period  r-add  or  even  1-add  in  excess.  To  obtain  com- 
parable restilts  it  is  necessary  to  state  the  initial  bacterial  content, 
the  length  of  time  of  fermentation,  and  the  temperature  at  which 
the  milk  has  been  kept.  Kozai  and  Thiele  have  examined  milk 
at  various  stages  of  fermentation  and  have  arrived  at  similar 

1  Hyg.  Rufidschau,  z,  p.  769,  1900. 
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results,  viz.,  t-acid  increases  in  relative  amount  to  d-acid  in 
approximate  proportion  to  the  period  of  fermentation. 

It  is  also  to  be  borne  in  mind  that  there  are  several  factors  which 
vitiate  the  accuracy  of  the  results  obtained  by  the  usual  method 
of  preparing  zinc  lactates  from  sour  milk.  Evaporation  of  a 
solution  of  lactic  acid  or  of  lactates  to  concentration  causes  the 
formation  of  lactic  anhydride  which  is  laevo-rotatory  and  may 
change  the  specific  rotation  from  right  to  left.  The  salts  of 
this  anhydride  are  highly  rotatory  but  in  the  opposite  direction.^ 
Another  source  of  error  is  the  point  mentioned  above  to  which 
MacKenzie  has  called  attention.  If  any  active  salt  is  present 
in  a  solution  of  inactive,  the  former  will  remain  in  the  mother 
liquor  when  the  latter  crystallizes.  By  repeated  crystallization 
the  last  traces  of  active  salt  will  then  be  washed  away  and 
lost  sight  of.  To  what  extent  these  sources  of  error  may  have  in- 
fluenced the  results  of  the  authors  mentioned  it  is  diffictiltto 
estimate.  The  comparability  of  results  is  probably  not  affected 
to  a  high  degree,  but  it  is  more  than  likely  that  active  salts  have 
been  frequently  overlooked. 

Stmxmarizing  the  results  of  the  experiments  described  we  find 
that: 

1.  Milk  naturally  soured  at  room  temperature  contains 
chiefly  d-acid.  Milk  soured  at  37°  C.  contains  chiefly  r-acid 
with  1-acid  in  excess  if  allowed  to  stand  several  days. 

2.  Streptococcus  lacticus  and  Str.  pyogenes  produce  the  same 
kind  of  lactic  acid,  i.  e.  d-acid.  B.  aSrogenes  from  niilk  (B. 
acidi  lactici)  and  the  ordinary  laboratory  strain  of  B.  (lactis) 
aSrogenes  (Escherich)  produce  the  same  kind  of  lactic  acid,  i.  e. 
1-acid. 

3.  The  lactic  acid  produced  in  naturally  soured  milk  varies: 
(a.)     According  to  the  relative  ntimbers  of  Str.  lacticus  and 

B.  aSrogenes  present.     The  higher  the  number  of  B.  aSrogenes 
the  more  1-acid  is  produced. 

(b.)  According  to  the  temperature  at  which  the  ferment- 
ation takes  place,  other  conditions  being  equal.  At  37**  C, 
relatively  more  1-acid  is  formed  than  at  room  temperature. 

>  Jtingfleisch  and  Godchot,  Compt.  rend,  de  I' Acad,  des  set,,  cxlii,  p.  515, 
X906. 
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(c.)     According  to  the  length  of  time  the  fermentation  has 
lasted.     The  longer  the  time  the  more  1-acid  is  formed. 

4.  In  ** certified"  milk,  d-acid  only  was  present  at  room 
temperature  for  nine  days,  while  both  d-acid  and  1-acid  were 
present  in  milk  of  poorer  quality  after  one  to  four  days.  At 
37®  1-acid  was  apparent  after  six  days  in  "certified"  milk  and 
on  the  second  day  in  other  milk.  It  seems  as  if  the  purer  the 
milk  the  longer  the  excess  of  d-acid  persists. 

5.  Racemic  lactic  acid  is  the  result  of  the  formation  of  ptire 
d-acid  and  pure  1-acid  by  at  least  two  different  species  of  micro- 
organisms. Racemic  lactic  acid  is  not  known  to  be  the  product 
of  one  species  only. 

6.  Since  it  is  known  that  B.  aerogenes  forms  other  adds 
besides  lactic  acid,  often  in  appreciable  amounts,  while  Str. 
1  actions  produces  almost  pure  d-acid,  the  presence  of  d-add 
may  be  taken  as  indicating  desirable  conditions  for  dairy  work, 
because  this  shows  the  absence  of  the  fermentation  products  of 
B.  aerogenes,  t.  e.  volatile  acids,  gas,  and  ethyl  alcohol. 
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